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To the Reader. 


Courteous Reader, 


agar Hou haſtin:this Treatiſe, the Deſcription 
> . and Ules of three ſeveral Quadrants, pre» 
& lcnted to:thy View and Acceptance and 
<= herc Iam to givethee an account of their 

x Occaſion and Original, 
| Being in conference with my loving 
friend M, Thomas Harwie, he told me, that he had often 
drawn a Quadrant upon Paper paſtboard, &c. derived 
by himſelf, and never done by any man before, agto his 
knowledge, from the Stercogra bick Proje&ion, which 
for a particular Latitude, would give the: Hour in the 
equal Limb, and would alſo-perform the Azimuth very 
well z and but that it was ſo particular, was-very deſirous 
to have one made-in Braſs for his own uſe: by: an Inftru- 
ment Maker : whereto replying, that with the acceſs of 
ſome other Lines tobe uſed with Compaſſes, it'might be 
rendred general for finding both the Hour and the Azi- 
muth in the-equal Limb: He thercupon intimared/his de- 
ſires. to: M, Swttox, promiſing within a fortnight after 
their conference, to.draw up tull diretions-for. the ma- 
kingthereof., ButM, Sutton having very:good/pradile 
and experience in drawing ProjeRions, ſpeedily found 
out:the:drawing of that Projection, either in a Quadrant 
ora:Semicircle,; without: the affiſtance of the promiſed 
dire@Qions, and — hath drawn tlic ſhape - it 
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" __  Tothe Reader: 

for all Latitudes, and alſo found how the Horizontal 
Proje&Rion might be inverted and contrived into a Qua» 
drant without any confuſion, by reaſon of a reverted tail. 
and let me further add, that he hath raken much pains 
in calculating Tables for the accurate making of theſe 
and other Inſtruments, in their conftrution more diffi- 
cult then any that ever were before z and the ſaid M.Sut- 
70 conceiving that it would be an advancement to their 
Trade in.general, beſides ſatisfa&tory to the defires of the 
ftudious in the Mathematiques,to have the uſes of a good 
Quadrant publiſhed, -prevailed with me, in re ws. M, 
Harvey was not at leiſure (though willing his Quadrant 
ſhould be made publ:que) to write two or three ſheets of 
the uſe of it, which I intended to- have given M. Suttox 
(who very well underſtood the uſe as'well as the making) 
to be publiſhed in-his own name; whereto he being un- 
willing, and finding that therein many of the uſcs-ot- one 
Quadrant, much leſs of more could not be comprized, at 

his earneſt requeſt, I wrote what is here digeſted, ſuccifi? 
& hors Antelucans, having little leiſure for that purpoſe, 

and allthis performed before the Inſtruments were cut, 

wherefore the deſcription given of them; may not ſo 
nearly agree with the Inſtruments, as it they 'had been 
firſt made, nor poſſibly ſome of the examples abour 

finding th@hour of the night by:the Stars 5 which exam- 
ples were fitted from Tables of preſcar right Aſcenſion, 
whereasthe Quadrant is fitted: to (erve the better 'for the 
ſuture,the difference notwithſtanding will be but ſmall, 

And thus hoping thou wilt' cover 'my failings with the 

mantle of love, and kindly "accept 'of my endeavours, 

tending to the publique' advancement and increaſe: of 
knowledge, I tillLremain a'Wellwiller: defirous thereof, 

\ 14, +  FobnCollins,. 
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How the Proje&ions on both the Qua- 
drants may be Demonſtrated. 


o# is ſatis fie the inquiſitive Reader herein, I ſhall only in 
this Edition quote ſuch Latine Authors and Propoſiti- 
#15 45 will evince the truth thereof, the performance whereof 
in Engliſh, s hereafter intended by my loving friend M, 
Thomas Harvie, in an elaborate Treatiſe, conce- ning all the 
Projettions, with their Demonſtration and Application, who 
is accompliſhed with ſingular knowledge in that kind, as in 
eneral in the Mathematiques, 
Now the Demonſtration of theſe two Projettions is 4s 

much included in the Demonſlration of the Sterrographick 
. Projett;on, which by Aguilonius in his 6 Book & largely in- 
ſiſted upon, 4s apeculiar queſtion in Trigonometry, # inclu« 
dedin a general Caſe, and both the Project:gns on theſe 244- 
d1 ants being derived from the grounds < the ſaid general 
Projettion,are neceſſarily inwolved in one and the ſame De- 
monſtration, | 

- Stoflcr in his Aſtrolabe ſuppoſeth the eye in the South 
Pole Stereographically projects» g upon the Plain of the Equa- 
tor theſe Circles between the North Pole Hori on and Tro- 
prick of Capricorn, neglecting that part under the Horl- 

on. 
L But the Projettion on the Quadrant, conſilered as it may 
be derived from his Aſtrolabe, ſuppeſeth the eye in the ſame 
Poſition, and makes uſe of one ha'f of the Proj: tion of the 
other part of the Circles intercegt:d between the Hori7 on aud 
Tropick of Capricorn, namely, of that ſpace between the 
Tropick below our Hori on,only changing the names of Can- 
cer for Capricorn in their uſe, and nfing the depreſſed = 
4 a railels 


ralle!s ta.the HoriKon,, inftead of the Parallels of Altitude; 
fo that the Azimuths of the Buadrant made by this inverſion, 
are no other then, the A\imuzhs of Stoflers ProjetFian con» 
tinued below the Tropick of Capricorn where he breaks 
them, off , an4 the rule he preſcribes to draw the paraliel. of 
184 of Depreſſion for the Twylight ſerves tadraw that,and 
all the,o:her parallels of Altitude in. this $144ravt, 

Inlike manner the Horizontal Projetion ſuppoſeth the eye 
inthe Nadir projectin upon.the Plain of the Horizon, 

That part.of the Sphere intercepted between the two Troe 

picks , negletting that part thereof under the Horizon, 


" But the Projettion on the dther great Quaarantconſidered. 


4 derivediherefrom, ſuppeſerh the eye there projetting that 
part, of the Sphere which is there neglected. with the like 


change of denomination; and, the Parakels of Declination | 


are.no other then the cominuance of the ſaid Parallels of the 
Horizons! Projettion roupd to the Midnight Meridian, and 
the Hour circles the continuance of ihe. ſaid hours, only. the 
Index of altitudes ts fitted to the Depreſſed Parallels of the 
Horizon, in ſtead of the Parallels of Altitude. 

Now it is evident, either from the Sphere or Analempma, 
that that pa. t ef either f theſe Projections which falls under. 
the Horizon, will ſupply the uje of that mbich hapned above, 
admitting only a change of denomination. z, for in the, 
Horizontal Projeition, that Parallel of Beclination which 
was called the Winter Tropick,. being no other then the. ſame 
Circle continued about, now in its uſe and denomination, be« 
comes the Summer Tropickz and the reaſon is, becauſe whats: 
ever Altitude the Sun hath.in_ any Sign upon any Hour or. 
Azimuth reckoned from the Noon Meriatan, he. hath the: 
like Depreſſion on the like Hour and Azimuth inthe oppoſite: 
Sizne counted from the Midnight meridian. 6 
| The 
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The terms of Noon and Midnight Merialian art afterwards 
wſed In relatio to ſome general Proportions : ' By the Hour in 
general is meant the Anglt between the Meridian of the Sun 
or Stars, and the Meridian of the place: B y the Hour count- 
ed from Noon M eridian, is meant the ſaid Angle counted 
from that part of the Meridian of the place which falls above 


the Elevated Pole, continued towards the Depreſſed pole * 


and by the Midnight Meridian, tbe oppoſite thereto under the 
Elevated Pole, continued 4s before. 

By the Azimuth counted from the Midnight Meridian, it 
means au Angle at the Zenith between the Suns Vertical or 
Azimuthal circle, and the Meridian of the place, meaſured 
by the Horizon, counted from the Interſetion of the Hori- 
Jon with the Meridian under the Elruated Polt 5 and by the 
AXimmth counted from the Noow Meridiattl, u meant the 
Complement of the [aid Angle to « Semicircle, counted from 
the oppoſpte Interſettion of the Horizon with the former Me- 
ridian continued above the Elevated, and towards the De- 
preſſed Pole, according to which accegtions, the general Pro- 
portions are fitted for finding # either wayin both Hemi- 
ſpheres, without an) reſtriction to North or South, 
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A more immediate account of theſe 
Projettions. | 


vero we have accommodated our Diſcourſe, to 
ſhew how theſe ProjeRions are derived from Sroflers 
Aſtrolabr,and from the Horizontal ProjeRion, of which 
neither Stefler (as-to my knowledge) tor I have oily ſeen 
his 8 Book) nor the Icarned M, 0wghtred, give no pecu- 
liar Demonſtration, as being particular examples of a 
general caſe, largely (as ſuch) infiſted on, and this we 
have done for the accommodation-of Inftrument makers, 
to whom this Derivation may ſcem moſt ſnitable , 
whereas ſuch a dedut:on is not at all neceſſary to the 
Demonſtration of the ProjeQions ſo derived, 

For inthe Projection der.ved from the Inverſion of 
Stefler, ler the eye be ſuppoſed to be placed in the North 
Pole, projeRing upon the Plain of the Equinoctal, ſuch 
Circles in the Sphere, as are deſcribed in the Quadrant 
between the two Fropicks, a quarter of which Proje&i- 
on will be the ſame withthar on-the Quadrant, namely, 
one of thoſe quarters between the South part of the Me- 
ridian-and hour of ſix, which will leaye out all the out- 
ward part ofthe Almicanters between it ang the Tropick 
of Cancer, andiin ſtead thereof, there is raken in ſuch a 
* Ike part of the depreſſed Parallels ro-the Horizon be- 
tween the ſame Hour of ſix, and Tropick of Capricorn, 
which isthe reverted tail z for the Parallels of Depreſſion 
have the ſame reſpe&tothe Tropick of Capricorn, thar 
the Parallels of Altitude havego the Tropick of Cancer, 
and will work the ſame in cff:. 

In like manner, the Eye ia the other ProjcRion _ 
= - 
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be ſuppoſed in the Zenith, Stereographically Projeing 
upon the Plain of the Horizon, that part only of the 
ſpace between the Tropicks, which falls wichout the Pro- 
jeQion of the Horizontal Circle, ſave only the reverted 
tail, which is the ProjeRion of ſo much ot the Parallels 
of South Declination, as is intercepted between the 
prime Vertical Circle and the Horizon, and is taken in 
to ſerve in ſtead of that'part of the Parallels of North 
Declination, which will fall without the Quadranr, 

In any ot theſe Poſitions of the Eye, all Circles paſ- 
ſing through the ſame, will be proje&ed in right lines by 
91 Prop. 6 Book of Aguilonirs, ſuch are the Azimuths 
on the Horizontal Quadrant, and the Hours on the other 


 Quadrany, repreſented by the thred lying over any Ark 


in the Limb, foalſo in this latter Quadrant is the Paral- 
-. of Altituce cqual to the Latitude of the place, a right 
ine, 

All Circles parallel to the Horizon and EquinoRtia), 
will be projected in concentrick Circles by 94 Prop. 6.. 
Aguilonizs, ſuch are tl:e Parallels of Altitude in the Ho- 
rizontal Quadrant, and the Parallels of Declination in 
the other Quadiants, repreſented by the Bead, when it_ 
is reified to the Index of Altitudes inthe one, and to” 
the'Ecliptick in the other, carried in a circular trace from 
one {ide of the Quadrantto the other. 

All other Circles inthe Sphere, whatſoever and how- 
ſoever icituated, bring projeRed according to-the ſup» 
=_ poſition of the Plain and Eye, will be repreſented 

y Excentrick Circles. by 96 Prop. 6; Agui/oniuws, and 
the hours in the Horizontal Projection wall (it they be 
produced)meet with rhe proje&edPole points,ſo alſo the 
Azimuths in the other. ProjeRion, which by the like pa- 
rity/ 


rity of Reaſon may be denominated Fhe Equineitial Pro- 
"im will (being produced) meet with the projeaed 
points of the Zenith and Nadirz and how in particular 
to proje@ and divide 3ny Circle however ſcituated inthe 
* Sphore,is abundantly ſhewn in the 6*Book of the afore- 
ſaid Author, and amplified with many examples, though 
none of them agreeing with the particular Draughts of 
theſe Quadrants, yer if put in practiſe according to the 
propoſed Scituation of the Eye, will be tound to agree 
with the preſcribed DireRions for the making of theſe 
Quadrants, Sce alſo Clavims his Book of the Aſtrolabe, 
Guido Ubaldus his T heorick of the general Planiſpheres, 
and M. Oughtress 2% Scheme Bin his late Tr. gonometry 
in Engliſh. 


An Appendix to the Deſcription of the 
Small a 


Ince the Printing of the ſheet B, we have thought fit 
k te vary alittle from the Deſcription there given of the 
Small Buadr ant. x 

The Dyalling Scale of Hours deſcribed in page 9, near the 
beginning, which I ſay in Page 191 may be omitted, i accor- 
dingly left out, and inſtead of it, aline of Verſed Sines of 
5 0f put on, the ſes whereof axe banaled in the great Fqui. 
rottial Quadrant. | | 

Alſo there is two Seales added tothe froall Duadrant mire 
then w4s deſcribed; namely, the Scale of Entrance,the ſame 


that was placed upon the Horizontal Quadrant, with a Sine 


of. 514 32/ put through the whole Limb. ſerving to give the 
| Altitude 


Altitude at fix, which the thred will interſef?, if tt be lui 
over the Dectination in the Limb but enough of tht uſes of 
theſe Scales ts ſaid in the HoriFontal Quadrant, 

Laſtly, Thoſe that like it beſt, inſtead of having on the 
Small Quadrant ont looſe fitted Scale for the Hour, and an- © 
other F— the 5z1muth, may have the Hour- Scale only divi- 
ded imto two parts, ferving to give the Hour and Azimuth 
for the San, and all the Stars in the Hemiſphere, the one pars 
for South Declinations, the other for North Deolinations, in 
imitation of the Diagonal Scale. 


An Advertiſement; ; 
; LL manner of Mathematical Inftruments, either 
for Sea or Land, arecxa@tly made in- Wood-or 
Braſs, by Henry Sw110», in Thredneedie-ſtreet, near Chri- 
ſtophers Church, or by William Switon in [lpper Shadwe!, 
alittle beyond the Ch En 


urch, 
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The affcFions in page 57 lin® 16, 17. wintiuz Braces, are exyreſſed a 

lar ze page 140, 141, «ſo the lait affe Aion in that page having a mi- 

ftike of leiier for greatcr in 8 middle brace i reprinted in page 138 

69 14 The laſt term of th: 4th Proportion ſhould be the Sinc of the angie 
ſought, and rot the Coſecant, 

92292 Lg and its adjacent angle The Hipotenuſal and its adjacent angle 

zo to find the orker angie by 4 to find tbe fode oppopte there to by 8 Caſe 


Cale. Se page 138, 

103 34 Acquimulriplex | @&Equimultiplex 

3 5 therefore by therefore by 18 Pcop. 7. Euclid, 
I21 18 Hourz* Altitude 41d zx* | Altitude fernhe bourz". i543d30" 
153 1iLineodf Lineof Sines 
I59 2:1 of god at god 
$64 +8 any ome 
174 :5 in the Limb | zu the leſſer Sines 
181 25 between 45 41ſs between 

27 would find it would in tbe other Hemiſphere find it 
184 21 the comnion as the common / | 
189 11 eirher it may be found eithcr 
192,24 As the ſecond including fade | As the Sine of the 2d inclading fide 
207, 1 great Scale great A uairant 
209, 7.60 parts 69 equal parts 


The Angle C in vhs Scheam page 523 is wrong cut, and ſbould be 113d 22', Sce 

It in page 156, 

Page 98 4 wrong Scheam printed,the true one 4 in page 98. 

Page 19: zn tbe under Triangle tbe Angle D ſbould be 108d 37” See paye 2071. 

'The fGirit req lines of calculation p.53 are ſomwhat miſplac'd,& ſhould thus. 
D.#: Log® 


BC 126) Legs ; 169 ) — 242 29887 
AC 194 IOL — 2,0042214 Sum with 
AB 270) Baſe ) 25 )———1,39794c0/ 24, 2322084 double Radius 
Sam 590 I 

halt ſum : 95 — Logarith,- 2 4693210) 3 8677620 former ReRangle 


| Relive 30,3644461 
"The half is the m__—_ g6d, 41't. 10z18222:0 
Which Ark doubledis ——113z22 A C Brthe /\ngle fought, 
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A new ſingle Proportion in Sin:s for Calculating a tab/e of heyar$.243 
The Stars how put «n and the h:ur found by them. 244,245 
T he ( onftruttion of th: Grainate 1 Circle, 248 
T he line of Latitudes demonſtrated, 249 
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Proportions for upright [celiners, 265 
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Parralellogram,+s likewiſe ina Triangle from the Subſtile. 268 
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| fornd mniverſally thereby. 34 
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T he Stars how inſcribed, and the howr of the might ſound by them. 39 
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Scotland, Wales,azd Ireland, 52,53 
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An Errour Page 248,Line 30 and 31 for ſ(ois LNto LF read 
fois LNtoNF. 


Of the Lines on the forefide of the 
| QUADRANT. 


SEEN theright edge from the Center is placed a Line of 

TOES cqual parts, of 5 inches in length,divided into 100 e- 
bg qual parts. 

3 Onthe left edge a Line of Tangents, continued to 
eg wo Radi, or to 634 26m the Radius whereof is 
: 2 3 inches, 

Theſe two Lines mae a right Angle in the Center, and between 
them include the ProjeRtion , which is no other then a fourth part 
of Stoflers particular A/rolabe inverted, 

Next above this PcojeRtion, towards the Center, is put on in the 
Quadrant of a Circle, the Suns declinations. 

And above that in four other Quadrants of Circles, the days of the 
Moneth, reſpeQing the four ſeaſons of the year. 

Underneath the ProjeRtion, towards the Limbe is pnt on, in one 
half of a Quadrant, one of the ſides of the Geometrical Quadrat, 
and inthe other halt che Line of ſhadows. | 

All which is bounded in by the equal Limbe, 

There ftands moreover onthe very edges of the Quadrant, two 
Dyalling Scales, which do not proceed from the Center ; that on tbe 
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right edge is called the Line of Latitudes ; and that on the left edge 
theScale of Hours (equal.inlengyh to the Sines ) which is no 'other 
then a donble Tangent, of rwo Lines of Tangents to 45% each fer to- 
a7 2-4 the middle, and ſo-might, if there were need, be continued, 
ad infinitum | | 


T he Conſtruftion avd making of ſuch of theſe Lines as are nit 
commonly deft rhed in other T reatifes. 


To inſcribe the Line of Declinations, there will be'given the Suns 
declination to find his right Aſcenſion, which is the Ark of the Limb, 
that by help of a Ruler, moving on the Center of the Quadrant, and 


© laid over the ſame, will in-ſcribe the Declination propoſed: 


T he (anon to find the Suns right Aſcenſion from the neare$t Equi» 
noftial point, correſpondent ro the Declination propoſed, us 


eAFs the Radins 

To the Cotangent of the Suns greateſt Declination : 
So the T angent of the Declination given : 

To the Sine of the Suns right Aſcenſion. 


The four Quadrants for the days of the moneth are likewiſe to be 


- graduated from the Limb, by help ofa Table of the Suns right Aſcen- 


ſions, made for each day in the year. 

The Geometrical Quadrat is inſcribed in half the Quadrant of a 
Circle, by finding in the Table of natoral Tangents, what Arches 
anſwer to every equal Diviſion of the Radius, and ſo to b: graduated 
from the Limb; ſo 30s ſought in the Tangents gives the Ark of 
wm 42 of the Limb againſt which z of the Quadrat is to be gradu- 
ared, 

The Line of ſhaddows is no other then the continuance of the Qua- 
drat beyond the Radius, and ſo the making after the ſame manner 
thus having the length of the ſhadow affigned, annex the Ciphers of 
the Radius thereto, and ſeek in he natural Tangents, what Ark cor- 
reſponds thereto ; thus the ſhadow being aſligned thrice as long as 
the Gnomon, I ſeek 3000 in the natural Tangeats,the Ark arſwering 
thereto, is 714 34' which being counted from the lefr edge of the 
Quadrant, towards the right- in the Limb, the Line of ſhadows a 

om 
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from thence be graduated ; the Complement of this Ark is the Sins 
Altitude,anſweriog to that lengrh of the right ſhadow, being 184 26. 


The Canon to make the Line of Latitudes, will be 


As theR adins 

to the Chord of 90d 

ſo the T angents of each reſp:Aive degree of the Line of Latitudes, 
To the T angents of ohter Arks : 


The natural Sines of whichArks are the numbers that from a Dia: 
gonal Scale of equal parts ſhall graduate the D.viſions of the Line 
of Latitudes to any Radius, 


To draw the Projeftios, 


Thoſe Lines that croſs each other, are Arches of Circles] whoſe 
Centers fall in ewq ftreight Lines. 


Of the Paralels of Altitude, 


All thoſe Arks whoſe AſpeR denotes them to be drawn from the 
right edge of the Quadrant towards the left, are called Paralels of Al- 
tirude, and their Centers fall in the right edge of the Quadrant,conti- 
nued both beyond the Center and Limb ſo far as is needful. 


T0 find the Interſections of the Payalels of Altitude, with the Meri- 
dian, that is , Points therein limiting the Semi- diameters of the 
Paralells. 

Aſſume any Point in the right edge of the Quadrant, (which is 
called the Meridian Line) near the Limbe to be the Tropick of {ancer; 
the diſtance of this Point from the Center of the Quadrant, muft re- 
preſent the Tangent of 564 46' which is half the Suns greateſt De» 
clination more then the Radius ; the diſtance of the Equator from 
the Center, ſhall be equal to the Radius of this Tangent. For the find= 
ing the Interſe&ions of the other Paralells of Altiude,it will be beft to 
make a Line of Semi-tangents co the ſame Radivs, that is to number 
each degree of this Tangent with the double Ark , and ſo every half 
degree will become a whole one : Out of this Line of —_—_ - ”: 
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prick off from the Center of the Quadrant 664 29' che Complement 
of - the Suns greateſt Declination, which will find the InterſeRion of 
the Tropick of Capricorn with the Meridian. 

Now to fit the ProjeRion to any particular Laticude : Out of the 
faid Line of Semi-tangents from the Center of the Quadrant, prick 
off the Latitude of the place, and it will find a point in the Meridian 
Line ,-where the Horizon, or Paralell of 02d of Altitude will inter- 
ſet the Meridian ; this Point is called the Horizontal Point , and 
ſerves for finding the Centers of all the Paralells. 

To the Laticude of the place add each degree of Altitude[ſucceſlives 
ly till you have included the greateſt Meridian Altitude ; theſe com- 
pound Arks are ſuch as being prickt fromthe Center of the Quadrane 
out of the Line of Semi-tangents will find points in the Meridian Line, 
limiting the Semi-diameters of the paralells of Altitude. 

Above the Horizon, and between the Circle that bounds the Pro. 
jection falls a portion thereof called the Reverted Tail, which other- 
wiſe would ifit had not been there reverted , have excurred the limits 
of a Quadrant. ; 

To find the InterſeQtions for thoſe Paralells of Altitude, ſubftrat 
ſucceſlively each degree out of the Latitude of theplace, and the re- 
maining Arks prick from the Center out of the Line of Semi-tangents: 
The uſe of this Tail being to find the hour and Azimuth before or af. 
ter 6 in the Summer time only, it need be continued no further above 
the Horizon then the Ark of jthe Suns greateſt A'ticude at 6, which at 
Loxdon is 184 12/, 


To finde the Centers of the Paralells of Altitude. 


Theſe are to be diſcovered by help of a Line of natural Tangents, 
not numbred with the double Arks, whoſe Radius muſt be equal. to 
the diſtance of the Equator from the Center of the Quadrant, or 
which is all one to 90d of the Line of Semi-tangents : Out of this 
Line of Tangents prick off beyond the Center of the Quadrant the 
Complement of the Latitude, the diftance berween the Point thereby 
found. and the Horizontal Point is the Semi-diameter wherewith the 
Horizon is to be drawn. : | 

To find the Centers of the reſt of the Paralells. 


Tothe Complement of the Latitude add each degree of NY 
C= 
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ſucceſſively till you have included the greateſt Meridifi Alritudes; The 
Tangents of theſe Arks prick beyond the Center, the diftance from 
the Points ſo diſcovered to the Horizontal Point,are the Semi-diame- 
ters of the Paralells of Altitude ; the extreamities of which Semi. 
diameters being limited ia the Meridian Line; theſe extents thence 
pri, finds their Centers. 

Some of theſe Compound Arks will exceed go degrees,as generally 
where any Meridian Altitude is greater then the Latitude. In this 
caſe ſubſtra& thoſe Arkes from 180d and prick the Tangents of the 
remaining Arks from the Center of the Quadrant on the Meridian 
Line continued beyond the Limbe, and then as before the diſtances 
between thoſe Points and the Horizontal Point, are the Semi-diames 
ters of thoſe Paralells, whoſe Extremities are limited in the Meridian 


Line. 
To find the Centers of the Paralells of the reverted T ail, 


From the Complement of the Latitude ſubſtra&t each degree of Al- 
titudein order, till you have included the greateft Altitude of 6. the 
Tangent of the remaining Arks prick from the Center of the Qua- 
drant, and you will find ſuch Points the diſtances between which and 
the Horizontal Point are the Semi-diameters of thoſe Paralells. 


To find the Centers and Semi-diameters of the Azimuths. 


All thoſe Portions of Arks which iſſue from the top of the ProjeRi- 
on towards the Limb are called Azimuths, the Centers of them all fall 
upon that Paralell of Altitude which is equal to the Latitude of the 
place whereto theProjeRion is fitted, which will always be a ftreighe 
Tangent Line. Ki 

Out of the former Line of Tangents, whoſe Radius is equal to the: 
diftance of the Equator from the Center of the Quadrant, prick 
down the Latitude of- the place on the Meridian Line, and thereto 
perpendicularly ere&t the Line for finding the Centers of the Azi- 
muths, which muft be continued through and beyond the Projection. 

Our of the ſaid Line of Tangents and beyond the Center prick down: : 
the Tangent of half the Complement of the Latirude at London 194+ 
14" and it will diſcover a Point which is called the Zenith Point, be- 
cauſe in it all the Azimuths do meet ; The diftance between this Point _ 
and the Point where the Center Line of the. Azimuths UT the: 
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Meridian; mak@he Radius of a Tangent, out of which Tangent prick 
down each degree fucceflively, both within and beyond the Protedti 
on on the Line of Centers, and you have the Centers for all the Azi- 
muths ; where note, that the Centers of all Azimuths which exceed 
god will fall wichin the ProjeQion, and of all others without, the di- 
ſtances of theſe reſpeRive Points from the Zenith Point, are the Se- 
mi-diameters of the Azimuths, with which exteacs let them be reſpe- 
Rively drawn. 


To draw the Summer and winter Ecliptick, and to divide them, 


The Summer Ecliptick is drawn from the- Point of the Equator 
intheleft edge of the Quadrant to the Tropick of (acer, and the 
Winter thence to the Tropick of Capricor» out of a Line of Tangents 
to the Radius equal to the diftance of the Equator , from the Center + 
prick down the Tangent of 234 31' the Suns greateſt declination 
from the Center of the Quadrant on the Meridian Line towards the 
Limbe,and you ſhall diſcover the Center of the SummerEcliptick with 
the ſame extent, being che Semi-diameter thereof, ſet;one foot down 
at the Tropick of Capricory, and the other will fall beyond the Cen- 
ter of the Quadrant on the jright edge, and diſcovers the Center for 
drawing the Winter Ecliptick ;to divide them uſe this Canon. 


es the Radins : 

ro Tangent of the Suns diſtance from the neareſt Equinofiial Point : 
So the Coſint of the ant greateſt Declination : 

To the T angent of the Suns right eAſcenſion, 


which muft be counted in the Limbe, and from it the Suns true place 
graduated on both the Eclipticks. 


To draw the two Horizons, and to divide them, 


Oneof the Horizons isthe Paralel of 084 of Altitude, which be- 
ing interſeted by the Azimuth Circles, is thereby.divided into the 
degrees of the Sans Amplitude ; this is the upper Horizon, and the 
drawing hereof was (hewed already. 

The other Horizon is but this inverted, and the Diviſions transfers 
red from that, the Center of it is found by pricking the Tangent os 
tae 
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the Complement of the Latitude on the Meridian Line from the Cen« 
ter of the Qaadrant, chediftence of the as ay being Radius. 

But it may be alſo done from the Limbe by the Proportion fol- 
lowing. ; 

A# R ading ,- 

to T angent of the Latitude ; 

$o the T angent of the Suns greateſt Declin tion, . 

to the ſine of the greateſt Aſcenſional difference 


(which converted into Time, gives the time of the Suns rifing or ſer- 
ting before or afrer 6.) by which Ark of the Limbe the Horizon is t- 
mitted ; Then to divide it ſay 


As the Radins, 

to rhe T angent of the aſſigned eAmplituae : 

So & the Sine of the Latitude : / 
To the Tangent of the Aſcenſional difference agreting thereto, 


which counted in the Limb, from ir the Amplirades may be divided 
on both the Horizons; and nore, if theſe- Amplitades de not co- 
incident with thofe the Azifnuths have defigned , thgn are the aid 
Azimauths drawn falſe. 


To infcribe the Stars on the Projeffon. 


Such only, ahd no other as fall between the two Tropicks, may be 
there pur on. 

Ser one foot of the Compaſſes in the Center of the Quadrant, and 
extend the other to that place of either of che Echpricks, as corre- 
ſponds to the given declination of the Star, and therewith ſweep an 
occult Ark : I ſay then that a Thread from the Center of the Qua- 
drant laid over the Limb to the Stars right Aſcenſion where it inter» 
ſcRs,the former occult Ark is the place where the propoſed Star muſt 


be graduated. 
Of the Almanack. 


There is alſo graved in a ReQangular Square, or Oblong, a perpe- 
tual Almanack, which may ftand either on the foreſide or back of che 
Quadranr,as room ſhall beſt permit. 


Ds. 
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'On the Backfode of the D wadrant there Pl 


1. On the right edge a Line of Signs iſſuing from the Center, the 
Radius whats is in length 5 inches. ., 

2. On the left edge a Line of Chords iſſuing from the Center. ' 

3. Onthe edges of the Quadrant there are alſo two Scales for the 
more ready finding the Hour and Azimuths in one Latitude; the 
Hour Scale is no other then 624 of a Line of Sines, whoſeRadius is 
made equal to half the Secant of the Latitude being fitted for Loy- 
don) to the common Radius of the Sines ; the prickt Line of Declina- 
tion annexed to it, and alſo continued beyond the other end of it, to 
the Suns greateſt Declination is; alſo a portion of a Line of Sines, the 
Radius whereof is equal to the Sine of the Latitude taken out of the 
other part of the Scale, or which is all one the Sine of the Suns great- 
eft declination is made equal to the Sine of the greateſt Altitude at the 
hour of 6 taken out of the other part of the Scale, which at Zonden 
is 18d 12m | 

4. The Azimuth Scaleis alſo 624 of a Line of Sines, whoſe Radi- 
es is made equal to half the Tangent of the Latitude co the common 
Radius of the Sioes , the Line of the Dechnation annexed to it, and 
continued beyotMM it : To the Suns greateſt Declination is alſo a por» 
tion of a Line of Sines of ſuch a length whereof the Sine of the Lati- 
tude is equal to the Radius of the Sines of the other part of this fitted 
Scale ; or which is all one, the length of the Suns greateft Declina- 
tion is made equal to the Suns greateft Vertical Altitude, which in this 
Latitude is 30% 39g' of the other Sine or Line of Alcitades. 


T he Limbe is numbred both With degrees and time, from the right eage 
toward: the left. 

Berween the Limbe and the Center are put on in Circles , the Scales 
following. . 


1, Aline of Verſed Sines to 180 degrees. 

2. A Line of Secants to 60d the graduations whereof begin againft 
304 of the Limbe, to apply which Vacancy, and for other good 
uſes, there is put on aLine of 90 Sines, ending where the former 
graduations begin ; this is called the leſſer Sines. 

3. A Line of Tangents graduatedto 634 26' 


4. A 
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- 4; Aline of Verſed Sines to 60d through the whole Limbe, cal- 
led the Verſed Sines quadrupled, becauſe the Radius hereof is qua- 
druple to the Radius of the former Verſed Sines. 

5. A Line ofdouble Tangents, or Scale of hours, being the ſame 
Dyalling Scale as was deſcribed on the foreſide. 

6. A Tangent of 454 or three hours through the whole Limbe 
for Dyalling, which may alſo be numbred by the Ark doubled to 
ſerve for a ProjeRion Tangent, a/ias a Semi- tangent. - 

7. In another Quadrant of a Circle may be inſcribed a portion of 
a Verſed Sine to eight times the Radius encreaſed, of that of 180d 
called the Occupled Verſed Sine, and at the end of this from the 
-other edge, another portion of a Verſed Sine to 12 times the Radi- 
us encreaſed may be pur on. 

8. Laſtly, above all theſe is the Scale of Hours or NoQurnal 
with Stars names 'graved within it towards the Center ; this is di 
vided into 12 equal hours and their parts, and the Stars are put on 
from their; right Aſcenſions, only with their declination figured 
againf&-them. 


eAll the Lines put on in 2 uadrams of Circles muſt be inſcribed from 
the Limbe by help of Tables, carefully made for thas purpoſe ; an 
inſtance ſhall be given how the Line of Verſed Sines to 1804 wat in» 

wh and after the ſame manner that was pus on, muſt all the 
reft; 


Imagine a Line of Verſed Sines to 189d to ftand upon the left 
edge of a Quadrant from the Center with the whole length thereof 
upon the Center ſweep the Arch of a Circle, and then ſuppoſe 
Lines drawn through each graduation or degree thereof continued 
parralel to the right edge till they interſe& the Arch formerly ſwept 
which (hall be divided in ſuch manner as the Line of Verſed Sines on 
this Quadrant is done. 

Burt to do this by Calculation, A Table of natural Verſed Sines 
muſt firft be made, which for all Arks under 90d are found by ſab- 
ftraciog the Sine Complement from the Radius, ſo the Sine of 204 
is 34202 which ſubftrated from the Radius refts 65798, which is 
the Verſed Sine of 70d : 

And for all Arks above 999 = got by adding the Sine of the 
Arks 
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Arks exceſs above 904 umo the Radias : thus the Verſed Sine of 
116d is found by adding the Sine of 204 to the Radius, which will 
make 134202 for the Verſed Sine of the Said Ark. 

This Table, or the like of another kigd, being thus prepared, the 
proportion for inſcribing of it will hold. 


As the length of the Lin: ſnppoſed to be poſited on the left edge, 
1s to the R adins, 

Ss is any part of that length 

To the Sint of an Arch, - 


which ſought in the Tables, gives the Arch of the Limbe againſt 
which the degree of the Line prop ofed muſt be graduated, 

But in regard the Verſed Sine of 1804 is equalto the double of 
the Radius ; the Table for inſcribing it will be eaſily made by half. 
ing the Verſed Sine propoſed, and ſeeking that half in the Table 
of natural Sines ſo the halfof the Verſed Sine of 704% is 32899 which 
ſought in the Table of natural Sines, gives 194 13' f:re of the Limb 
apainft which the Verſed Sine aforeſaid is to be graduated, and ſo 
the half of. the Verſed Sine of 116d is 67101 which anſwers to 
424 9' ofthe ſines or Limb. 

So likewiſe the Table for puttiug on the leſſer Sines was made by 
halfeing che natural Sines, and then ſeeking what Arks correſpond- 
ed thereto in the natural Sines aforeſaid; thoſe that think theſe Lines 
to many may very well want the Verſed Sines ſo oft repeated; And 

that will admit of a Radius of 6 or 7 inches, may have the Line 
of Lines Superficies and Solids, put 0n in the Limb on the foreſide, 
and the Segments Quadrature, Equated Bodies, Mettalls, and in- 
ſcribed Bodies, or other Lines at pleaſure put on upon the backſide, 
a$ bath been already done upou ſome (Quadrants, 

Now to the Uſe. 
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The Uſes of the 


PROJECTION. 


Of the eAlmanack. 


Efore the ProjeRion can be uſed, the day of the Moneth, the 

-Suns place or Declination muſt be knowa z but theſe are com- 
monly given by the knowledge. thereof ; Now- this Almanack will 
as much help to the obtaining hereof, as any-other common Alma-- 
nack, 

It conſifts of a Re&angular Oblang, or long, Square. divided in« 
to 7 Colams in the breadth;ro repreſent7 days ofthe week, account» 
iog the Lords day firfty and length ways into- 9 Columns, the two 
uppermott repreſent the months of the year, accounting 444rch the 
fictt, the five middl:moſt the reſpeRive days of each Month, and the 
two undermoft ſome certain leap years, poſiced in ſuch Colomns, as 
that thereby may be known by InſpeRion, what day of the Week 
the-firſt-of March happened upon "3 the ſaid Leap years; the contri- 
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vance hereof owns its original from my Worthy Friend Mr. 1fichaet 


Darie, for the due placing of the Months over the Columns of days, 
rake the following Rule in his own words. =. 


Firſt having March aſſign'd ts lead the round, 

The reſt 6 th Months are eaſ ly after found ; 

Tf that you take the complement in days 

T035-of a plac'd Month always, 

And count it from its place with due Progreſſion = 
It ſoews you Where the next Month takes poſſeſſion. 


Thus placivg the Month of March fic, then if I would place 
April, or the ſecond Month, March having 31 days, the Comple- 
ment thereof to 35 is 4 then counting four Columns from the place 
of March, it falls upon the 5 Column, where the figure 2 is placed 
for the 2' Moneth, then Apri/ being placed ; if I would place May 
I take 30, the number of days in Aprs/, from 35 there reſts 5, and 
counting 5 Columns from the place of Apri/ where it ends, which 
is inthe 3* Column, the figure 3 is placed for the 3* Moneth or 
Moneth of May. The next thing to be known is on what day of 
the Week the firſt day of arch falleth upon, which is continually 
to be remembred in uſing the Almanack. 

This for ſome Leap years to come, may be known by counting in 
what Column the ſaid Leap yearis graved, thus in F»xo 1660, the 
firſt of March falls upon a Thurſday , becauſe 60 is graved in the 5 
Column, that being the fiftday of the Week: Bur for a general 
Rule take it in theſe words. | 

To the number two add the year of our Lord, and a fourth part 
thereof, egleRting the odd remainder, when there is any; che 
Amount divide by 7 the remainder, when the Diviſion is finiſhed, 


ſhews the nember of DireRion, or day of the week, on which the 
firſt day of March falleth, accounting the Lords day the firſt ; bur 
F nothing remain, it falls on a Saturday. 


Example 


Example for the year I657 . 


The even fourth thereof 414 
296 quotient. 
| 7) _ 2073 ( 
I remaining. 


By this Rule there will be found to remain one for the year of 
our Lord 1657 whence it follows that the firſt day of arch fell 
on the firſt day of the Week, «/ias, the Lords day in that year; ſo 
in en 1658, there remains 2 for Munday : in 1659, refts 3 for 
Tueſday ; in 1660 refts 5 for Thurſday ; ſo that hence ir may be ob» 
ſerved, that every 4 years the firſt of March proceeds 5 days : Up- 
on which ſuppoſition the former Rule is built ; ſay then 

As4toF, oras1to 15 fo is the year of the. Lord propoun- 
ded, to the number of days, the firſt of Afarch. hath proceeded in 
all that Tra, cauſed by the odd day in each year, ' and the Acceſs 
of the days for the Leap years ; this number divided by 7, the re- 
mainder ſhews the fraRionate part of a Week above whole ones, 
which the ſaid day hath proceeded, which wil not agree with the day 
of the Week the firſt of Marchfalls upon, according to common 
tradition , unleſs the number two be added thereto , which argues 
that the firſt of March, as wenow account the days of the week 
fell upon Mnnday, - or the ſecond day of the week in the year of our 
Lords Nativity : This is only for Illuftration of the former Rule, 
being co. ſhew that the adding of the even fourth part of the year of 
our Lord thereto, works the proportion of 4 to 5.- 


The Vſe of this Almanach ts to know for ev/er oz what day of the 
Week any day of the Month falls upon. 


- Remembring on what day of the Week the firſt day of March 
fe|l upon in the year propounded (which doth then begin in the ufe 
of this Almanack, and not ſooner or later, as upon New-years day, 
or Quarter day) all the figures repreſenting the days of the Month 
do alſo repreſent the ſame day of the week in the reſpe&tive Months 
under which they ftand ; and che converſe, the Moneth __ aſs 


Il Theſe of the Projettion; 
ſigned, all the figures that ſtand zs days under it, inform you what 
days of the ſaid Month the Week day (ball be the ſame,as it was upon 
the firſt day of March, and then by a due Progreſſion it will be ea- 
fieto find upon what day of the Moneth any day of the week fall- 
eth, as. welbas by a common Almganack, without the trouble of al. 
ways one, and ſometimes two Dominical Letters quice ſhunned in 
this Almanack, by beginning the year the firſt of March, and fo 
the odd day for Leap year is introduced between the end of the old, 

and the beginning of the new-year. | 


Example: 


In Anno 1657. looking for the figure 10 in the Column fer 
Months, for the Month of December ; under it I finds, 13, 20, 27, 
now the firſt of {arch being the Lords day, I conclude alfo thac 
theſe reſpeQive days in December, were likewiſe on the Lords day ; 
and from hence colle; that Chriſtmas day, which is always the 35 
of that Month, happened on a Friday. 


— —— ——. 


Uſes of the Projettion, 


” His ProjeRion;is no ether then & fourth part of Stoflers parti 

L cular Aftrolabe, fitted for the Latityde of Zond:» inverted, that 

is, the Suramer Tropick and Altitudes, &:. turned downwards to 
wards the Limb,whereasin his Aftrolabe they were placed-upwards, 
towards the Center; thus the Quadrant thereof made, is rendred 
moſt uſeful and accurate when there is moſt occaſion for ic ; before 
the projeftion can be uſed, the Bead muft be reRified, and becauſe 
the Thread and Bead may firetch, there may be two Beads, the one 
ſet to ſome Circle concentrick to the Limb, to keep the other ata 
certainty in ſtretching, and the other to be reRificd for uſe, 


. The Uſe bf the Projei#ity. 


— tk... th Pry _—_ _ 


To reflifie the Bead. 


| hp the Thread over the day of the Month in its proper Circle; 
| and ifthe ſeaſon wherein the Quadrant is ts be aſed, be in the 

Winter half year, ſet the Bead by removing it to the Winter Ecli 
tick ; bat in Sommer let it be ſet to the lower Or Summer Ecliptick, 
and then ic is firred for uſe, 

One Caution in reRifying the Bead ist0 be given; and that is 
in Summer time if it be required to find the hour and Azimuth of 
the Sun by the ProjeQon, before the hor of 6 in the —_— or 
afterit in the evening, or which is all one,when the Sun hath lefs Al- 
titude then he hath at 6 of the clock ; then muſt the Bead be reQifi- 
edto the Winter Ecliptick, and the Parralels above the Horizon in 
the Reverted Tail, are thoſe which will come in vſc. 


To find what eAltitmde the Sun ſhall bave at G of the clock in 
the Summer half years, 


This will be eaſily performed by bringing the Bead that is reQi 
ficd co the Summer Ecliptick to the left edge of the Quadrant, and- 
there among the Paralels of Altizude it hews what A'citude the Sun 
ſhall have at 6 of the clock : Ir alſo among the Azimuths ſhews 
what Azimuth the Sun ſhall bave ar the bour of 6; Example, So 
when the Sun hath 17 degrees of North Declination, as: #bevt the 
27 of April, his Altirade x the hour of 6 wil} be-found 46 ,be 137 
14" and his Azimach from the Meridian 79 14” whence I may 
conclude if his obſerved Altitnde be tefs upon the fame day, and the 
Hovor and Azimuth ſought, the Bead mui be ſet to the Winter 
Ecliptick, anid the Operation performed inthe reverted Fail. {; 
Here it may be noted alſo that the exaRteft way of reRifyingthe 
Bead, will be either from a Table of the Suns Declination , laying 
the Thread over che ſame ia the graduated Circle, or from his true 
place, laying it over the ſame in the proper Ecliptick, or from his 
right Aſcenſion counted in the Limb. A 
r 


- 


"f'6 Theſe of the Projettrer, 

Oc Lafily from his Meridian Altitude on the right edpe of the 
Quadrant , for theſe do mntually give each other the Bzad, being 
reciſied to the reſpective Ecli prick as before. for Example, 


* "To find the Suns Declination. 


The Thread laid over the day of the Moneth, interſe&s it upon 
that Circle whereon it is graduated, which in the Summer half year 
is to be accounted on this ſide the EquinoQial, North, and in the 

; Winter-tiaff year, South-;. ſo laying the Thread over the 27th. day 
of April, it interſe&ts the Circle of Declination at 17 degrees, and 
'ſo much was the Suns Declination. 


To find the Suns true place. 


The Thread lying as before, ſhews it on the reſpeRive Ecliptick, 
So the Thread lying over the 17 of Apri/, will cut the Summer 
Ecliptick, in 17* 7® of Taurasz; or in12* 53” of Leo, which 
agrees to the 26 day of 74/y, or thereabouts , the Thread interſe&. 
ing both theſe days at once ;-and the oppoſite pointsof the Eclip- 
tick hereto, are 17þp" in Scorpro, about the 20 of Oftober ; and 
12* 53" of Aquarixs, about the 22* of 7anwary, all ſhewed at once 
by the Threads poſition. ih = 00D LY 


To find the Suns right Aſcenſion. 


Lay the Thread over the day of the Month as before, and it in- 
rerſeRs it inthe equa] Limb z- whence taking it in degrees and mi- 
nutes of the'Equator, whilſt the Sun is departing -from the;Equator 
rowardsthe Tropicks , it muſt be counted as the gratuations of the 
Limb, from the left edge towards the right ; but when the Sunis 
returning from the right edge towards the lefr z the right Aſcenſi- 
on thus found, muſt , eftimated according to the 'ſeaſon of the 


year. 

| Zune 11 tO Sept. 13 99 

' From Sep. I; to Dec. 1 ont ropegrn added 
Dec,11 to Mwr.10 2709 . 0 


Bur 


The Deſcription of the Quadrant; 17 

But in finding the Honr of the night by the Quadrant, we need 
no more then 12 hours of Aſcenſion, for either Sun or Star, and 
the Limb is accordingly numbred from the left edge rowards the 
right, from 1to Gin a ſmaller figure, and thence back again to 
12, and the other figures are the Complements of theſe to 12, ſo 
that when the Sun is departing from the Equator towards the Tro- 
picks ; his right Aſcenſion is always leſs then 6 hours,and the Com- 
plement of ir more; but when heis returniog from the Tropicks 
rewards the Equator, it is always more then 6 hours, and the Com- 
plement of it leſs ; the odd minutes are to be taken from the Limb, 
where each degree being divided into 4 parts, each part ſignifies a 
Minute of time, and co know whether the Sun doth depart from, or 
return towards the Equator, is very viſible, by the progreſs and 
_ of the days of the month, as they are denominated on the 
Quadrant. 


Example. 


So the Thread laid over 17% of Declination, which will be 


27 April YThe Suns 44* 37" 2» g$* 
about 26 fuly righe Ar (135 23 ) In 9 2 
the 20 Ntober C cenſion (224 37 Ytime 2 58 
22 January ) will be )315 23 _ 


E mt here the latter 12 hoters are omitted, 
Such Propoſitions as require the uſe of the Bead, are, 


To find the Suns Amplitude, or Coaſt of riſing and ſetting from 
the true Eaſt or Weſt. 


Bring the Bead, being reRified to either of the Eclipticks, it mat- 
ters rot which, to eicher of the Horizons, and the Thread will in- 
terſe& the Amplicude ſought, upon both alike : Example ; The 
Suns Declination being 17 North, or South, the Suns Amplicude, 
will be found te be 28 2". : 

The Amplicude before found for = Summer half year, is to be 

ac- 
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accounted from Eaſt or WeſtNorthwards ; and in the Winter half 
year from thence Southwards. 


To find the rime of the Buns rifing or ſetting. 


The Thread lying in the ſame Poſition, as in the former Propo. 
fition, interſe&s'the Aſcenſionaldifference inthe Limb, which may 


there be counted either in degrees or Time. 


Example. 


So'the Bead lying upon the Horizon, (being rectified to 17' of 
Declination,the Thread interſe&s the Limb at 22% 38”, which is 1 
30” of time, and ſo it ſhew: the time of Suns riling in Summer, 
or ſetting in Winter, to be at half an hour paſt 4 ; and hisriſing in 
Winter, and ſetting in Summer, to be at ha'f an hour paſt 7, 


To fird the length of the Day or Nioht. 


The time of the Suns riſiag and ſetting are one of them ; the 
| Complement of the other to 12 hours ; ſo that one of chem being 
known, the other will be found by Subſtraftion ; the time of Suns 
ſetting is equal ro half che length of the day ; 2nd chis doubled pives 
the whole length of the day ; in reference tothe Suns abode above 
the Horizon, the time of ſetting converted into degrees,is alſo called 
the Semi-diurnal Ark ; the time of Sunrifing (ſo'converted is called 
the Semi. nocturnal Ark ) doubled gives the whole lengch of the 
Night ; ſo upon the 27'® day of eFpril, the Sun baving 17 | of. De- 
clination, the length of the day is 15 hours, andthe length of the 
night 9 hours. 


To fini the Suns Altitude on all Hours, or at any time propoſed, 


In Summertime, if the hour propoſed be before 6 in the morn- 
ing, or after it m the evening, lay the Thread to the hour in the 
Limb, the Bead being firſt reRified ro the Winter Ecliptick, and 
amongſt tbe P:ralels of Altitude above the.upper Horizon, it ſhews 
the Altitude ſought, 


E x- 


- 


The uſe t of the Projettion. 
E xample. 


$o the Sun having 16% of declination Northwards, as abont the 24 
of April, laying the Thread over the Declination, I ſet the Bead to 
the Winter Ecliptick, and if ic were required to find what Altitude 
the Sun ſhall have at 36 minutes paſt 6 in the afternoon, lay the 
Thread over the ſame in the Limb, and the Bead among the Parra- 
lels of Altitude will fz!l upon 55, 

At all other times the Operation is alike; the Bead being reRi- 
fied co that Ecliptick that is proper to the ſeaſon of the year : Lay 
the Thread over the propoſed hour in the Limb, and the Bead a- 
mongf the Parralels of Altitude, ſheweth the Altitude ſought. 


Example. 


So if it were required the ſame day to find what Altitude the Sun 
ſhould have at 19” paſt 2 in the afternoon ; Lay the Thread in the 
Limb over the time given, and the Bead among the Parralels of Al- 
titude will fall upon 45*for the Altitude ſought. 


T © finde the Suns Altitude en all Azimnths, 


IN the Summer half year, if the Azimuth propounded be more 
Northward then the Azimuth of the Sun (ball have at che hour 
of 6; The Bead muſt be reQified to the Winter Ecliptick, and 
brought co the Azimuth propoſed above the upper Horizon, and 
_ among the Parralels of Alcitude, it ſheweth the Alticude 
ſought. 
ha about the 24 of April, when the Suns Declination is 16* his 
Azimuth at 6 of the clock will be found 'to be 76* 54” from the 
South ; Then if it were required to find the Suns/ Altitude upon an 
Azimuth more remote, as upon 107* frem the South, laying the 
Thread over the Declination, I ſet the Bead to the Winter Eclip- 
tick , and afterwards carrying it to the Azimuth propoſed among 
the Parralels of Alticude above the upper Horizon, it falleth upon 
7 for the Suns Altitude ſought. 
In all other Caſes bring the Bead rectified to the Ecliptick pro- 
D 2 per 
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per to the ſeaſon of the year, to the Azimuth propoſed; and 
among the Parralels of Alticude'ic ſheweth che Altitude ſoughe z So 
far the ſame day, I ſet the Bead to the Summer Ecliptick , and if 
it were required to know what Alcitade the Sun ſhall have when his 
Azimuth is 50d 48' from the Meridian carry the Bead to the ſaid 
Azimuth, andamong the Parralels of Altitude it will fall upon 4 
for the Altitude ſought. 


T he How of the night Propoſed to find the Suns Depreſtion ux- 
der the Horjzox. l 


Magine the Sun to have as much Declination on the other ſide the 

EquinoQtial, as he hath on the ſide propoſed ; aud this Caſe will 
be co-incident with the former of finding the Suns Altitude for any 
time propoſed ; the reaſon whereof is becauſe the Sun is always ſo 
much below the Horizon at any hour of the nighe , as. bis oppoſite 
Point in the Ecliptick is above the Horizon at the like hour of the 
Day- 


Such Propoſitions as Sepend upon the knowledge of the Suns eAlti- 
titude, ave to find the Hour of the Day, and the eAzimuth ( or 
true Coaſt ) of the Sun. 


He Suns Alcitude is taken by holding the Quadrant Rteady,and 
1T letting the Sun Beams to paſs chrough both the Sights at once, 

and the Thread hanging at liberty (hews it inthe equal Limb, 
if this be thought unſteady , the Quadrant may reft upon ſome 
Concave Diſh or Pot , into which the Plummet may bave room to 
play 3 but for greate Quadrants there are commenly Pediftalls 
made, 


a Wy *7Þy "+ 


a > 4 _ 


be x $54.2 * : 


The Uſe of the ProjetFion. 


The Altitude ſuppoſed to find the Hour 
of the Day, and the Azimuth of the 
Sun in Winter. 


Ecifie the Bead to the Winter Ecliptick, and carry it along 
among che Parralels of Altirude till it cut or interſe& that 
Parralel of Altitude on which the Sun was obſerved, and the Thread 
in the Limb ſheweth the hour of the Day , and the Bead amongſt 
the Azimuths ſheweth the Azimuth of the Sun, 


' Example. 


So about the 18 of Oober, when the Suns Declination is 139 20' 
South if his obſerved Alticude were 184 the true time of the day 
would be found to be either 36 minutes after 9 or 24 minutes paſt 
2 and his Azimuth would be 37 degrecs from the South. 


To finde the Hour of the Day , and the Azimuth 
of the Sun at any time in the Summer 
half year, 


IH was before intimatad, That if the queſtion were put when the 
Sun hath leſs Altitude then he hath at che bour of 6 of the clock, 
that then the Operation muſt be performed amongy thoſe Parralels 
above the upper Horizon, in the reverted Tail, the Bcad b_ 

recti« 


_ 22 Theſes of the ProjetHion, 
rectified to the Winter Ecliptick; and that it might be known 

what Altitude the Sun (hall have at 6 of the clock, by bringing the 

Bead rectified co the Summer Ecliptick , to the Iefe edge of the 

Quadrant, * 

So admitting the Sun to have 16* of North Declination, which 
wilt be abour the 24 - pri, I might finde his Altitude at 6 of the 
Clock By bringing the Bead reRified to the SummerEcliptick to the 
left edge of the Quadrant z to be 124 28” whence I conclude, if his 
Altitude be lefs, the Bead muſt be reified ro the Winter Ecliptick, 
and be brought to thoſe Parralels above the upper Horizon ; and it 
= be noted, that the Suns Alticude at 6 is always leſs then his de- 
Cclination. | 


E xawple. 


Admit the 24"" of April aforeſaid the Suns obſerved Altitude 
were 7" laying the Thread over the Suns Declination, or the day of 
the month ; I reRifie the Bead to the Winter Ecliptick, and bring 
itto the ſaid Parralel of Altitude above the upper Horizon ; and 
the Thread interſe&s the Limb at 94.3” ſhewing the hour of the 
day to be 24 minutes paft 5 in the morning , or 36' paſt 6 inthe 
evening, and the Bead amongf the Azimuths ſhews the Azimuth 
or Coaſt of the Sun to be 107% from the South, 


Amther Example. 


But admitting the Sun to have more Altitude then he hath at the 
hour of 6, the Operation notwithſtanding differs not trom the for- 
mer, but only in reRifying the Bead, which muſt be ſet to the Sum- 
mer Ecliptick, and then carried to the Parralelef the Suns obſeryed 
Altitude, and the Thread will interſe& the Limb ar the true time of 
the day,and the Bead amongft the Azimuths ſheweth the true Coaft 
of the Sun. 

So upon the 24** of April aforeſaid , the Suns obſerved Altitude 
being 45%, I bring the Bead reRtified to the Summer Ecliptick, to 
the ſaid-Parralel of Alcitude, and the Thread interſeRs the Limb at 
55* 15” (bewing the hour to be either 41” paſt g in che morning, 


or 19” paſt 2inthe ofternoon ;. to be known which by the _ 
ing 
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ſing or decreaſing of the Altitude, and che B-ad amongſt the Azi- 
muths _— the Azimuth or true Coaſt of the Sun to be 50{4@from 
the South : $ Et; 


Anothey E rample, 


Admit when the Sun hath 197 13" of North Declination wh'ch 
will be about the 6th of May, bis obſerved Alcitude were 564 the 
Beed being ſer ro the Summer Ecliptick, and brought co that Par- 
ralel of Altitude amongſ the Azimuths fſhews the Suns true Coaft 
to be 234 from the South, Eaftwards in the forenoon, and Weſt» 
wards in the afternoon, and che Thread in the Limb ſheweth che 
= time of the day to be either 7*paſt 11 in the forenoon, or 5Þ" 
paſt 12, 


The Depre(sion of the Sun ſuppoſed to find the true time of 
the night with us, or the hour of the day to our Antipo- 
des, As alſo the true Coaſt of the Sun upon that De- 
preſsion, 


== Propoſition may be of uſe to know when the Twilight bes 
gins or ends , which is always held ro be when the Sun hath 
134 ot Depreſſion under che Horizon, to perform this, Imagine as 
much Declination on the contrary ſide the EquinoQtial , as the De» 
clination given, and find the time of the Day , as if the Suns Alti» 
tude were 18d 
So when the Suns Declioation is 164 North , a: about the 24 th 
of April,laying the Thread over ic I reR:fie the Bea ro the Wincer 
Ecliptick , and bringing ir ro the Parralel of 184 the Thread in che 
Limb ſhew the Twilig': co begin ac 54” paſt 1 in the moraing, and 
ends at 6 pait 10 art nigh:,and theAzimut!: of the Sun to be 284 58 
which in this Cie 1s to be accounted from tis North, 
But if the Sunsgreaceſt Depreſſion at nigh be leſs ther, 18d as 
that it may be in any Latitugewſ ce che Meridian Alt .-ude a: any 
time in Winter or the oppoſic. Signe is leſs then 18% there is no 
dark night which in our Latitude of London will be from che 12th of 
May tothe 11* of 7nly. 
of 


The ſe of the Projetiion. 


Of the Stars graduated on the 
PROFECTIO N;, 


Coma Stars as are between the two Tropicks only, are there in- 
ſcribed , and ſuch haue many things common 1n their Motion 
with the Sun when he hath the like Declination , as the ſame Am» 
plitude, Semidiurnal, Arke, Meridian, Alcitude, Aſcentional diffe- 
rence, 6, 

Theſe Stars have Letters ſet to them to direR to the Ciccle of Aſ- 
cenſtons on the back of the Quadrant, where the quantity of their 
right Aſcenſion, is expreſſed from one of the EquinoRial points ; 
thoſe that have more Aſcenſion then 12 hours trom the point of 
eAries, are known by the CharaRer pls * ſet to them ; many 
more Stars might be there inſerted, but if they have more then 23% 
31 of Declination , the Propoſitions to be wrought concerving 
them are to be performed with Compaſſes, by the general Lines on 
the Quadrant, 


To find the true time of the Day or Night when any Star 
commeth ts the Meridian. 


In the performing of this Propoſition we muſt make uſe of 'the 
Suns whole rightAfcenfion in time,which how that might be known 
hath been already treated of , as alſo of the Stars whole right Aſ- 
cenſion , which may be had from the Circle of Aſcenſions on the 
back of the Quadrant if 12 hours be added to the, right Aſcenſion 
of a Star taken thence that hatha Letter CharaRer affixed to it. 

Subſtra& the Suns whole right Aſcenſion from the Stars whole 
right Aſcenſion, encreaſed by 24 hours when Subſtration cannot 


be made without ic, the remainder if leſs then 12 ſhews the time of 


the afternoon or night when the Star will be upon the Meridian ; 
but if there remain more then 12, reje& 12 out of it and che reſidue 
ſhews the time of the next morning when that Star will be upon the 
Meridian, Ez. 


| 


the Pro es 


E xample. 


The 23* of Derember the Suns whole right Aſcenſion is 18 hours 
53 which ſubftracted from 4 ho:16 che'righrAfcenſion of the Bu/ls 
ee encreaſed by 24 there remains 9® 23 ' for the time of that Stars 
comming to the Meridian, and being ſubtracted from 6 bo: 30' che 
right Aſcenfion of the great there reſts 11 ho: 37' for the 
time of chat Stars coming to che Meridian at night, 

This Propoſition is of good uſe to Sea-men , who have occaſion 
to obſerve the Laticude by rhe Meridian Altitude of a Star, that they 
may know when will be a fit cime for obſervation. 

In finding che cime of che Night by the Scars , we uſe but 12 ho: 
of right Aſcenſion, nor no aare intfiadiog the time of their riſing 
or ſetting, ſo that when ir is found whether it be morning or even- 
ing is left co judgement, and may be known by comparing it with 
the former Propofition, if there be need ſo to do. 


Ts find the Declination of avy of  beſe Stars. 

is is engraven or annexed to the Stars names, yer it may be found 
on the ProjeRion, by refifying a Bead to the propoſed Scar ,and 
bringing the Thread and Bead to that Edliprick it wil interſe&;and in 
the fame Poſition the Thread will interſe& the ſaid Scars declioatiorn 
im che Quadrant of Decfimtions ; if the Bead meer with the Sum- 
mer Ecliptick the Declinarfon is North, if rvich the Winter South: 


'To find the Amplitude and «Aſcenſional difference of any of 
" the Stars on the Proelion. 


PAngehe Bead ce&ified to the Scar to either of che Horizons, 
I rhe Thread being in irs due Extenr, an4 where it in- 
rerſes che fame ir (hews char Srars Ampficude which varies nor,and 
is Northward if the Star ſhave North declinacion, otherwiſe South. 
wards, the Thread licewiſe incerſeQing theLimb, ſhewerh the Scars 
Aſcenfional difference. | 


EZ xampic 


The Ules of the Projettion. 
Example. 


So the Bead being reRified to the B«/lr e38, 8nd brought to the 
lawer Honzon , (ews the Amplitude of that Star to be 25* 54 
Northwards becauſe the Star hath North Declination; And the 
Thread lyeth over 20 49' of the Limb which is this Stars Aſcenſio- 
nal difference, which in Time is 1 ho'23” The Thread in the Limb 
jyeth over a ho 37" from midnight for the Stars hour of riſing , 
and over 7 bo 23” from the Meridian for the Stars hour of ſetting 
always in this Laritude which with the Amplitude vories nor, excepr 
with a very ſmall allowance in many years. 


26 


To find a Stars Diurnal eArk,, or the Time of its continu- 
| ance above the Horizon. | 


North Sar Bs add 
When the Star hath ort Declination $£þarah. 
South 


the Aſcenſional difference of the'Stir before found in 
ro Sum 
Time 6 hours, * the _ Sis halfthe 
from Reſidue time. 
Of chat Stars contingance above the Horizon, which doubled, 
ſhews the whole time , the Complement. whereof to 24 bo is the 
_ time of that Stars durance under the Horizon, 


E x ample. 


So the Aſcesſional difference of the Buls eze being in time 1 ho: 
23  dded co. 6 hours, and the Sum doubled makes- 14 hours 4 6* 
for the Stars Diarnal Ark or abode above the Horizon, the reſidue 
whereof from 24 is 9 ho: 14" for the time of its durance under the 
Horizon. - 

..To. find the true time of the Day or night , when the Star 
x ___ riſethorſettath, 


'F He Stars hour of riſing or ſetting found as before, being no other 
but the Aſcenſienal difference of the Star added to, or — 
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ed from6 hours; which the Thread fheweth in the Limb the Bead 
being re&ified tQ a. Star, and brovghr co that Horizon it will inter- 
ſeR; is nat the true time of the night ; but by help thereof chac 
may be come by ; this we have denominated to be the Stars hour, 
and is no other but the Stars borary diftance from the Meridian ir 
was laft upon ; 


If a Star have YC Declination the Sears bour of riſing 


Somrh 
muſt be reckon- before 6 and the time of after 
ed to be afrer its ſetting before 


Now the time of che Stars riſing or ſetting found by this and the 
former Propoſicions muſt be turned into common time by this Rule. 
To the Complement of the Suns Aſcenſion add the Stars Aſcenſion, 
and the Stars hour from the Meridian it was laft upon,the Amount if 
leſs then 12 ſhews the the time of Stars riſing or ſetting accordingly ; 
bar if_ ir be more then 12 rejeRt 12 as oft as may be,and the remaind- 
ſheweth ie. ; 

So «pon the 23% of December {or the time of the Bull eye riſing. 


The Complement of the Suns Aſcenſion found} b * 

by the forefide of the Quadrant is $ 9 
And the faid Stars Aſcenſion on the backſide is—4 16 
The Stars hour of riſing is n==g 37 


* 14 hours, 


From which 12 rejeRed reſts 2 hours for the time of that Stars ri- 
ſing, which I conclude to be at 2 in the afternoon, becauſe chat Scar 
was found co come to the Meridian at 23 " paſt 9 at night, the like 
Operation muſt be uſed ro get the time of that Stars ſetting, which 
will be found to be at 4 ho 46 ® paſt in the morning, . 


m 


Complement © Aſcenfio——; 7 


Stars Aſcenfion- = 0.42 8 6 
Stars houy of ſetting —————7 23 
16 b.46* 


E 2 To 


28 2 Thellſes of the Projetfion. 


To find what Altitude and Azimuth a Srar that bath North 
Deslination ſhall bave when it 11 6 hours of Time from 
the (Meridian. 


E&ifie the Bead to the Star, and bring the Bead and Thread 

tothe lefr.edge of the Quadraot, and there among the Parra- 
lels of Altitude and Azimuths it ſhewerh what Akitude and Azimuth 
the Star ſhall bave, 


Example. 


So the Bead being ſet tothe Bur eye,avd brought tothe left edge 
ofthe Quadrant it wil) be foqnd to have 12' 14 'Aleitude, and Bot 3* 
Azimuth from the South, when it is 6 hours of eine from the Meridi-' 
an, which Propoſition is afterwards afed to know to which Eclip- 
- = _y Caſes to reQifie the Bead as bath likewiſe been incima-+ 
t e. 


T he Azimmh of a Stax propoſed, To find what time of the Night 
the Star ſnall be upon that Azimutb, and what Altitude 
it ſhall then have. 


C\epoſ yg the Azimuth propoſed to be-nearer the South Meridi- 

an then that Azimuth the Star ſhal have when i is 6 hours from 
the Meridian : Bring the Bead reRified to the Star, to rhe propoſed 
Azimuth , and among the Parralels of Altitude it (hews that Stars 
Altitude, and the Thread in the Limb ſhews that Scars hour to be 
turned into-common time to attain the true tune ſought. | 


E vawple, 


If the queſtion were What Altitude the Bulls eye (hall have when 
his Azimuth is 624 48' from Seub, this being tels Azimuth then be 
hath at 6 hours from the Meridian, che rectified Bead being broughe 
ro the Az4murh qr, +, Parrale)s the Altitude to be _ 
and the Stars hour ſhewn by the Thread in the Limb is either 8 bo: 

56*or 3 ho: 4 from the Meridian ; then if vpon the 2 3 of Decem- 


ber 


| Theliſes of the Projeftion. ” 
ber you would know at what time the Star ſhall bave this Altitude 
o- this __ Change the Stare hour into common time by the 
ormer Ru 


Decemb. 23 Guntas of © Aſcenſion | Ay 
Stars Aſcenſion — —— 16 p- 
Stars hour————— 56 


S is 


1 9112 37 
= Os r9' paſt 6 in the eveniog, or at 27" 


For Stars go Soath. Declination being they) have no Altitude a= . 
bovethe Horizon at 6 ho: diftance from the- Meridian, the opera» 
tion will be the fame, void of Caution. 

- Rue for Stars of North Declination when the propoſed Azimuth 
the South Meridian then the Azimuth of that 
Star ho from the Meridian, another Bead muſt be reRified to the 
, and carriedro the Azimnth propoſed above the 

where among the Parralels it ſhews the Attitude 
foughe/; and the Thread in the Limb ſheweth the Stars bour to be 
converted into common time, : 


Example. 


The Azimuth of the Bal eye being 1694 53 from South, which 
is more then the Azimuth of 6 hours , the other Bead ſer to the 
Winter Ecliptick , and carried to that Azimuth inthe Tai}, (hews 
the Akirade to be 64 and the Stars hour to be 5 ho: 18' Or6 ho: 
42 which converted into common time, #s n70n the 234 of De» 
Feember , will be ether 41" paſt 2 inche afternoon, or zo paſt 4is 


the morning following. 
December 23 "1 AO Aſcenſion I + * HE 
Sears Aſcenſion 4 I 4 16 
Stars hour — 18 42 


RejeRing 12 the Totalgn = ———; a1 Or 4 5 


The 


30 | The Ues of. the ProjetFian, 
T he Hoxr of the night propoſed to find What Altitude and Azi- 
muth any of the Stars on the Proj-ttion that are ahove ' 
the Horizon ball have as that time. 


Irſt turn common time into the Stars hour, the Rule to do ic is, 
FE To the Complement of the Stars Aſcenſion add the Suns AC. 
cenſion, andthe time of che night propoſed , the Aggregate if leſs 
then 12 is the Stars hour ; if more rezeR 12 as oft as may be, and 
the-remainder is the Stars hour ſought, So the 23 of December, 
at$ a Clock 59 minutes paſt at night what ſhall be the Horarie di- 
flance of the great Dogg from the Meridian 

Complement of great Doggs? h : 

Aſcenſion= ; -- Zo 

Suns Aſcenfion —6 53 
Time of the night ——<—<— —8 59 


The Sum is, 12 rejected 9 22 
Then for Stars of South Declination , reQifie the Bead to the 
Star propoſed, andlay the Thread over the Scars hour in che Limb, 
and the Bead amongſt the Parralels and Azimuchs, ſhews the Alti- 
tude and Azimuth of the Star ſought. Example. Sothe Bead be- 
ing reQified to the great Deeg, and the Thread laid over g ho 22' 
in the Limb, the Bead will ſhew the Altitude of that Star at that 
time of the night to be 149 and its Azimuth 39' from the South. 
The Operation is the ſame for. Stars of North Declination when 
' the Stars hour found as before is not more remoce- from the South 
Meridian then 6 hours on either ſide. 
But if it be more then 6 ho diſtance from the Meridian as before 
6 afrer its riſing, or after ic before its ſetting , then as before ſug- 
| , one Read muſt be reified to the Star , and brought to the 
uramer Ecliptick, where the Thread being duly extended, another 
muſt be ſet to.the Winter Ecliptick, and afrerwards the Thread laid 
over the Stars hour in the Limb, this latcer Bead will ſhew the Stars 
Azimuth and Parralel of Altitude in the reverted Tail above the up- 


per Horizon, 


en ti 


————  —————C 


. 


X Example. 
So upon the 23 of December, I would know what Azimuth and 
Altitude the B»/ls eye ſhall have at 4 a Clock 5 minutes paſt the 
morning following. Time 


Ties of 1 31 


"4, 


Time propoſed - 4h 5 
Complement of Bulls c3e)) 7 44 
Aſcerſion po 
Suns Aſce. ſion 23 of < 6 53 
cembuyr ——— 
12 rejoRted refts — pommmmm_—__ "a 


Proceed then and lay the Thread over 42' paſt 6 and the Bead a+» 
mong the other Paralels in the Tail (heweth the ScarsAlcitude to be 
6 4%and its Azimuth from the Meridian 109% 53" 

Theſe two Propoſitions have a good tendency in them to diſcover 
ſuch Stars as are apon the ProjeRior if you know them not , but 
ſuppoſing them known the Propoſition of chiefeft uſe is 


By having the Alrizude of a Star given to find out Yhe trae Time 
of the mg ht, and the «Azimmh of that Star. 

If the Stars obſerved Alcitude be leſs theo its Altitude at 6 ho : 
diftance from the Meridian ; Bring the Bead, re&ified to the Star, 
to the Summer Ecliptick and ſet another Bead to the Winter E- 
cliptick , Then carry it co the Parralell of Altitude above the upper 
Horizon in the Reverted taileand there it will ſhew the Azimuth of 
that Scar; and the thread in the Limbe ſhews the houre. 


"Example. 


So if the obſerved Altitude of the Bu/ls eye were 6* its Azimuth 
would be found to be 107% 53' from the South,and its hour 42 paſt 
6 from the Meridian the true time would be found to be 5 minutes 
paſt 4 inthe morning the 24 of December, 


__ 
Complement of © Aſcenſion 
the 23 of December 3 
Stars hour ma 


Stars Aſcenſion ——— 


th "WAI . 51 


32 
But for Stars that have South declination or north , when their 
Altitude is more then their Altitode being 6 hours from the Meri- 
dian, this trouble of refifying wo Beads is ſhunned ; in this Caſe 
only bring the Bead that is reRified eo the Star to the Parralel of 
Altitude, and there among the Azimuths it will ſhew the Stars Azi- 
muth, and the Thread in the Limb interſeRts che Stars hour ſought, 


. 


Example. - 


December 11" Bulls eye Akitude 39. Azimath from the South 
624 48 Hours fromthe Meridiag———8 g6* 
Complement of © Aſcenſion ——6 00 
Aſcenſion of Bal gg ————4 16 
The true time of the night was 12' paſt 7 of the Clock 7 12 
42 | | 
Anocher Example, 


The great Doggs obſerved Altitude being 14* his Azimuth fiom 


the South would be 39*. 
And the Stars hour from}? h mn 
the Meridiac. 9., 23 
Stars 0c. _— 
If this Obſervation were upon the 31 of December, the : 
Complement of the 0 30 
Aſcenſion would be— 


jay $ . -23 
Aut the tra ting of hens 22 minores paſt eight of the 


" For varieties ſake there is alſo added to the Book a Draught of 
the ProjeRioo for theLatirude of the Fax$ados ; in the uſe where- 
of the Reader may obſerve'rhac' eyexy tay, when the Sun comes to 
the Meridian. between the Zerpyy Wh the Elevated Pole , be will 
upon diyers Azimuths in the forenovn ( as alſo in the afternoon ) 
bavetwo ſeveral Altitndes, and ſo be twice before noon, and _ 

er 
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The Uſe of the Auadrat and Shadgews, 33 
afcernoon, at ſeveral times of the day, upon one and the ſame Azi. 
muth, viz. only upon ſuch as lye berween' the Suns Coaſt of riſing 
and ſerting, and bis remoreſt Azimuth from the Meridian, which 
cauſerh rhe going forward and backward of the ſhaddow ; bur of 
this more hereafter, when I come to treat of Calculating the Sung 
Alcitude on all Azimuths ; It may alſo be obſerved that the Sun for 
the moſt part in thoſe Laticudes hath no Vertical Altitude or De- 
preſſion,and ſofcomes not to the Eaſt or Welt. , 

M there is added a Dravght of this Projettion for the 
Latitude of Greenland, in the uſe whereof it may be obſerved that 
the Sun, a good part of the Summer balf year comes not to the 
Horizon, and fo neither riſech nor ſets. 

And that no convenient Way that this ProjeRion can be made 
ſhould be omitted, there is alfo one drawn in a Semi-Circle for our 
own Laticrude, which in che uſe will be more facile then a Qua- 
drant, there being no trouble before or after ſix in the 
Summer time, with reRifying another Bead to perform the Ope- 
ration inthe reverted Taile, neirher doth the Drawing hereof oc- 
cupy near the Breadth, as io a Quadrant, and fo beſides the eaſe in 
the uſe is more exaQ in the performance;there being no other Rule 
required for reQifying the Bead , but to lay the Thread over the 
day of the Month, and to ſet che Bead to that Ecliptick the Thread 
incerſe&s. 

A Semi- Circle is an Inftrument commonly uſed in Sarveigh, and 
then it requires a lerge Center-bole ; however this ProjeRion may 
be drawn on a Semi- Circle for Surveigh , but when uſed at home 
there muſt a moveable round Bic of be contrived to ſtop up 
that great Center-bole , in which muſt be a (mall Center-bole for a 
Thread and Plummet to be faftned, as for a Quadrant and ſome 


have been ſo ficted . | 

| | Lines and Farnitpre in this 
parts.of the Semicircle,as be 
"tos 69 & &reenland,are drawn 
by the ſame Ruſs delivered inthe iption of the Qnadraot,and 
ſoatfo'isthe Summer part of this Semi-Cigcle, and.che Winter part 
"by the ſame Rules therevere given for drawing the Reverted T aile. 


t : " of 


The Uſe of the Buedrat and Shaddows, 33 
afcernoon, at ſeveral times of the day, upon one and the ſame Azi. 
muth, viz. only upon ſuch as lye berween' the Suns Coaſt of riſing 
and ſetting, and his remoteſt Azimuth from the Meridian, which 
cauſerh rhe going forward and backward of the ſhaddow ; bur of 
this more hereafter, when I come to treat of Calculating the Suns 
Alcirude on all Azimuths ; It may alſo be obſerved that the Sun for 
the moſt part in thoſe Laticudes hath no Vertical Altitude or De- 
preſfion,and ſo;comes not to the Eaſt or Weſt. , 

Moreover there is added a Dravght of this PcojeRtion for the 
Latitude of Greenland, in the uſe whereof it may be obſerved that 
the Sun, a good part of the Summer half year comes not to the 
Horizon, and ſo neither riſech nor ſets. 

And that no convenient Way that this ProjeRtion can be made 
ſhould be omitted, there is alfo one drawn in a Semi-Circle for our 
own Latitude, which in che uſe will be more facile then a Qua- 
drant, there being no trouble before or after ſix in the 
Summer time, with reRifying another Bead to perform the Ope- 
ration inthe reverted Taile, neicher doth the Drawing hereof oc- 
cupy near the Breadth, as io a Quadrant, and fo beſides the eaſe in 
the uſe is more exaR in the performance;there being no other Rule 
required for reRifying the Bead , but to lay the Thread over the 
day of the Month, and to ſetthe Bead to that Ecliptick the Thread 
interſeRs. 

A Semi- Circle is an Inftrument commonly uſed in Surveigh, and 
then it requires a lrge Center-bole ; bowever this. ProjeRion may 
be drawn on a Semi- Circle for Surveigh , but when uſed at home 
there muſt a moveable round Bic of braſs be contrived to ftop up 
that great Center-hole , in which muſt þe a (mall Center-bole for a 
Thread and Plummet to be faftned, as for a Quadrant and ſome 

have ſo ficted . 

The Reader wit meet with variety of Lines and Farniture in this 
Book to be | rr on parts of the Semicircle,as be 
defifliketh. The Projetion for the B & &reenland,are drawn 
by che ſame Rutes delivered inche iption of the Qnadrant,and 
Toallo'is the Summer part of this Semi-Cigcle, and che Winter part 
"by the ſame Rujesthar4vere given for drawing the Reverted Taile. 


t - " of 


JF. Thellg if the Buadrant of Aſcenfons.. 


Of the Duadrant of «*ſcrnſions, 
he turning ofthe Stars hour into the Suns hour and the the con» 
verſe may be alſo done by Compaſſes upon the Quadrant of Aſ- 
cenſions on the back ſide, 


To tars the Stari Hour into common time, call d the Suns honr. 

T* Arithmetical Rule formerly given is nothing but an abridg- 

ment of the Rule delivered by Mr. Gxter, and others, and the 
work to be done by Compaſſes, differeth ſomewhat from it,thovgh 
it produce the ſame Concluſion which is : 

To get the difference between the Aſcerſion of the Sun and the 
Star by ſubſtraQting the leſs from the greater z this remainder is to 
be added to the Sters hour, when the Star is before , or hath more 
Aſcenſion then the Sun , but otherwiſe to be ſubſtraRted from it, 
and the Sum or remainder is the true time ſought. 

To do this with Compaſtes , take the diffance- between the Star 
andthe Suns Aſcenſion, and ſer the Suns foot to the obſerved hour 
of the Star from the Meridian it was laft upon, letting the other 
foot fall the ſame way it ſtood before, and it ſhewerth the time 
ſought, if ir doth not fall off the Quadranc. 

Ifirdoth , the work will be to finde how much it doth excur,. 
and this may be done by bringing it to the end beyond which ir 
falleth, lerting the other foot fall tnward,Jthe diftance then between 
the place where'it now falleth,and where ic ſtood before, which was 
at che Stars hour, is equal to the ſaid excurfion, whichbeing taken, 
and meaſured on the other end of the Scale, (hews the time ſought. 

This tronble may be prevented in all Caſes , by having 12 hours 
more repeated after the firſt 12 , or 6 hours more may ſerve turn 
ifthe whole 18 hours be alſo double numbred, and Stars names be- 
ing ſet to the Additional hours, poſſibly the Suns Aſcenſion and 
Star do not both fall in the ſame 12 hours, yer notwithftanding 
the diftance is to be taken iggthe ſame 12 hours between the quanti- 
ty of the-Suns Aſcenſion and the Stars , and to proceed therewith 
as before, and the Compaſſes will never excur; in the numbring of 
theſe hours , after 12 are numbred they are ts begin again, andare 
numbred as before, and not with 13, 14, &c. 

Aad.this trouble may be ſhunned when there is but 13 _— 
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The Uſe of the Anadrat and Shaddows, 35 
aſſuming any hour to be theSrars hour, with ſuch condition that-the 
- other foot may fall upon the Line;and che ſaid aſſumed hour repre- 
ſenting the Stars hour ; count from it the time duly in order, till 
you fall upon the other foot of the Compaſſes, and you will obtain 
the crue time ſought. 


To turn common time , or the Sunt hour into the Star: hour, 


is is the Converſe of the former j- rake the diftance berween 

the Star and the quantity of che Suns Aſenſion,, and ſet the 

Star foot to the Suns hour , letting the other. fall the ſame way ic 
ood before, and it ſhews the time ſoughr, 


Of the 2 uadrat and Shaddower. 


Both theſe as was ſhewed in theDeſcription of the Qaadrant,are 
no other then a Table of natural Tangents to the Arks of the Limb 
and may ſupply the uſe of ſach a Cannon, though not with ſo much 
exactneſs, all the part of the Qyadrate are to be eftimated leſs then 
the Radius, cill yoa come againft 45 | of the Limb, where is ſer the 
figure of x, and afrerwards amongt the ſhadows is to be.account- 

more then the Radius , and ſo where the Tangent is in lengeh 


2 p ) 63* 20%. 

3 ( Radii as 71 34 

6 againſt 75 58 of the Limb, 

NPR 8 4x 

are ſet the figures 2, 3, 4, 5, and becauſe they are of good uſe to be 
repeated on the other fide of the Radius in the Quadrat , there 
they are not figured, but have only full poinrs ſer ro cheta , falling 
again the like Arks of the Limb rrom the right edge towards the 
left,as they did in the ſhaJows from the left edge cowards theright. 
T o find a hight at-ene Obſervation. 


36 The fe of the Dwadrat and Shaddow: 

Er A B repreſent a Tower, whoſe Altitude you would take, 

fo far back from it that looking through the ſights of the 
Quadrant, the Thread may tang upon 45 degrees of the Limb, or 
upon 1, or the firſt prick of the Quadrat , aod the diftaace from 
the foot of the Tower will be equal co the height of the Tower a- 
bove the eye» which accordingly meaſure, and thereto fadd the 
ight bg the eye above the graund, and you will have the Altitude 
e Tower. 
So if I ſhould ſtand at D and find the Thread to hang over 45* 
of the Limb, I might conelude the diftance between wy Station and 
the Tower to be £qual to the height of the Tower above my eye, 
and thence meaſuringit find tobe 96: yards , ſo mach would be the 
height'of the Tower above the eye. 
If I remove farther in till the Fhread hang upon the 


ſecond 
third oi the Quadrat , then will the Altitude of 


_ the Towes above the level of the eye be 
twice a 
thrice 


ſour 7 times as much as the diftance fromthe Tower 
five is te the Station. 

So removing to-C; 1 _ Thread:o, hang upon: the ſecond 
point of the Quuadrat, and meaſuring the diſtance of that Starii 
from the Tower, I find. it to be 4$ yards, whence I may conc! 
the Tower is twice as bigh above my eye, and that would be 96 


yards. | 
So if I ſhould remove ſo much backithat the Thread ſhould hang 


upon 2) of the ſha 7 as E the diſtance 
s dows at F betweet 
4 | 
$5) Kc. ; 
the Sration-an& tbe foot of the 1 
Tower would be ow 


a5-much as the height of the Towenabove the eye,and —— 


' Theſe of the Beadrat 1nd Shaddevs, 
if I bould meaſure the diftance between D and E where it hung 
upon 1 and'3 of the Shzddows, or between E and F, where it hung 
upon 2 and 3 of the ſhaddows, &c 1 (honld find it to be <qual to 
the Alcitude ; but other ways of doing it when inacceſlible will 
afterwards follow. 


4 Second may at one Station. 


WW Ith any dimenſion whatſoxver of s competent }Men- 
ſure off from the foer of rhe Objet , wliether Toweror 
Tree, juft 10 or 100, &c. of the ſaid Dimenſions, as ſuppoſe from 
B to K, I meaſure of an hundred yards x there look: the 
fights of the Quadrant to 'the Top of the Obje at A, and what 
$s the Thread ,uporin the Quadrator Shadows, ſhews 
Altitude of the ObjeR in the ſaid menſured parts; and ſe at the 
faid Station at K the Thread will hang opon 96 parts, ſhewing the 
Altitude A B to be 96 yards above the Level 'of the eye, and ſoif 
any other parts were meaſured off , they are to be maltiplyed by 
the Tangent of the Altitude, or parts cut by the Thread, rejeRing 
the Ci of the Radius, as in the next Propoſition. 


A 


"TheUſe of the 'Quadrat and Shadows. 


A third way by a Station at Random. 


Ake any Station at nokuds as at L,. and looking through the 

ſights obſerve upen whar parts of the Quadrat or Shadows the 
Thread falls upon , and then meaſure the diftance between the Sta= | 
tion and the foot of the obje&, and the Proportion will hold. ; 


eF's the R ading 

To the T angent of the Altitude , or to the __ cnt in the Quadrat 
or ſhadows, 

So us the diſtance between the Station and the Objeft 

Tothe height of the 0bj:{t above the eye. 


So ftanding ar L, the Thread hung upon 30' 58” of the Limb, 
as alſo upon 600 of che Quadrat, the Tangent of rheſaid Ark, and 
the meaſured diſtance L B was 160 yards , now then to work the 
former Proportion, multiply the.diftance by the parts of the Qua- 
drat , and from the right hand;of the o_ cut oft three places , 
and you havethe Altitude ſought; 

. 160 
600 
96, 000 

In this Work the Radius or Tangent of 45* is aſſumed to be 
1000, 

| To meaſure part ofan Altitude , as ſuppoſe from a window in a 
Tomerto the top ofthe Tower , may be inferred trom -what hath 
been already ſaid; firſt ger the top of the Tower' by —_— the 
ormer 


F « 


oY 


” * 


The Uſe of the Qvadrat and Shaddows, . 3s + 
former ways, and then the height of the window which ſubſtraRt 
from the former Altirade and the remainder is the defired diſtance 
between the window and the top of the Tower. 

The former Proportion may alſo be inverted for finding of a 
diftance by the beighr,or apprehending the Tower to lye flat on 
the ground , and fo the height to be changed into a diftance and 
che diftance inco a height, che ſame Rules will ſerve only the height 
of a Tower being meaſured, and from the top looking to the Ob- 
je& through the ſights of che Quadrant, whar Angle the Thread 
hangs upon is to be accounted from the right edge of the Quadrant 
rowards the left ; but in taking out the Tangent of this Ark , after 
I have obſerved ic,the Thread muſt be laid over the like Ark of the, 
Quadrant from the left edge rowards the right, and from the Qua- 
drat or Shad iows the Tangent caken out by the InterſeRion of the 
Thread, and (o to meaſure part of a diſtance muſt be done by get- 
ting the diftances of both places firſt , and then fubſtraR the leſſer 
from the greater. ; 


To find the Altitude of any Perpendicular ,: by the 
length of irs ſhadow, 


T His will be like the firſt Propoſition , with the Quadrant take 
= the Altitude of the Sun, if inſo doing the Thread bang over 
t 1 


24 
J” pricks in the Quadrat, the length ofthe 
: 
| equal to 
double 
Shaddow is us; the height of the Objet 
our. ipht © t 
five Trims Tree, or Perpendicular 
p 
whatever it be ; Butif it bang in the ſhaddows 


3 
4 
3 


the 


40 The Uſe of the Buadr4l and Shaddows, 
equal to 
che highch of the objetis double 
_ the length of the 
five (mes 
Shaddow which may happen where the San hath much Altitude, 
as in ſmall Latitudes, and ſo the length of the Shadow being forth» 
with meaſured, the height of the Gaamon may be eaſily attained. 


If the Thread in obſerving the Altitude ha on any odd parts of the 
Lnatrant or Shadows, the Proportion will bold a; before. 


As the Reading 

To the length of the Shadow, 

Sothe TI of the Suns «Altitude, or the parts ent hy the Thread 
Tothe height of the Gnomon to be wromght as in the third Propoſition ; 
ifthe lengch of the Gnomon, and the length of its ſhadow were gi- 
ven ; without a Quadrant we might obtain the Suns Altitude, for 


As the length of the Gnomon 

Is re the Radins 

So 11 the Length of its Shadow 

Toke T angent of the Complement of the Suns Altitude. 


And the height of the Sun, and the lengthof the Gnomon af 
ſigned; We may find the lenggh of. che Shadow dy invertiog the. 


Proportion aforeſaid. 


As the R adins 

To the length of the Gnomon 

So the Corangent of the Suns Altitude 
Tohe Longs b:of the Sha cap. 


To find an innacacſi ible H eight at two Stations. 
ſſarnea'Bration ary where , as @ ©, 'nid4here odſerverbe” 


Altitude of the Oþjet A B which admit to be 704 Now it - 
=. we 


A 


"ThiUſe of the Quadrat and Shaddowr. i4t 
-well obſerved by Mr. Phillips, that if you remove ſo far back as 


that the Obje& may appear bur half ſo high , as ſuppoſe at I it ap- 
pears to have but 35* of Altitude that then the diſtance berween 


theſe two Scations G and T, is equal to the Jength of the Hipotenu 
Sall, or ſcaling Ladder AG ; and this muſt needs beſo, becauſe 
the Acute Angle AGB being the Complement of the Obtuſe Ar- 
gle at G is equal to the Sum of the other two Acute Angles G A [ 
and GI A,which Sum is likewiſe Complement of the Obtuſe Angle 
atG to 180, buttheſe Angles by Suppoſition being qual each to 
other will ſubtend equal Sides ; Admic then meaſure the diſtance 
GI, and find it to be 102 yards and a tenth,/the-Proportion to ger 
the Altitude will hold | 


As the Rading 
To the ſaid meaſured diſtance 

So # the Sine of the eAvngle at the neareſt Station 
To the Altitude of the Objett. 


To work this with the Pen, Out of the Line of Sines take the Sine 
of 70* wich Compaſſes , and meaſure it on theequal parts, where 
admit it reach to 94 parts, 

Then multiply the ſaid number by the diſtance 102, 1 and the 
Produd will be 95, 974 from which cutting off chree figures to the 
right hand the reſidue being 95, 974, is the Altitude ſought fere, 
bur ſhould be 96 catiſed by omicting ſome fraRtionace parts inthe 
ditacce which we would not trouble the Reader withall. 


G Ane- 


as” ThiUfe of the Biradrat #ndShaddewr, 


Annher more gentral way by ary two Stations tak; n at.- 
randomes | 


'* FF" Dmit the firſt S*ation to be as before at G where the obſer-- 

. ved Alticude of the Objet was 70%and from thence at plea- 
ſtre I' renove to H, where obſerving again Ifind the ObjeR t@ 
appear at 48*29" of Altitude, and the meaſured diftance beeween” 
@T and Hto be «o yards, a general Proportion to come by the Al- 
aude.in this caſe will bold.” 


At the difference of the (orangents uf the Arkz cut at either Stas 
tion. 

1s to the Diſtance beryyren the two Stations, 

S$»4s the Radias 

To the Altitude of the Objeft or Tower. 


To fave the ſubftraRting of the two Arks from '90* to get” their: 
Complements , I might have accounted them when they were ob- 
ierved fromthe right edge of the Quadrant towards the left , and 
tive found them ro have been 20* and 41* 31”; to work this Pro-" 
portion lay the Thread over theſe two Arks in the Limb from the” 
left edge cowards the right, and rake out their Tangents out of the 
Qaadrat and Shadows, then ſubſtra& the lefs from the greater,the 
remainder is the firſt 'tearm of the Proportion, being the Diviſor' 
in the Rule of three to be wrought by annexing the Ciphers of the 
Radius to the Diftancez;or as Multiplicationio Decimath, z and cher 

Gividiog by the fickt tearm the Quotient ſhews the Altitude _— 
Al: 


"270 8: es LL. 
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. 414 31' Tangent from the Shadows is— 885 

20% Tangent from the Quadrat is —- 364 

| Difference Pra -y21 
" " By which if Idivide 50000—— the diftance encceaſed by an- 


nexing the Ciphers of the Radius thereto , the Quotient will be $6 
fere the Altitude ſought. 
This may be performed otherwiſe without the Pen, as ſhall af- 
terwards be ſhewn : 
If the diſtance from the Stations either tothe foot or the tap of 
- —_—_ be deſired, the Prpportions to Calculate them 
will be 


A the difference of the Cotangents of the eArky cut at either Station 
Is to the diftance between thoſe Stations, 
So 1 the (orangent of the gryner PAs = 
diftance fromthe Station to the foot of the Tower : 
And ſo is the Coſecant lefler I 
of the . greater Ark to the T diftance 
- lefler - greater 


from the top of the Tower to the eye, 
Or having firft obtained che Height, we may ſhun theſe 
becants, for 


eA's the Sine of the Ark of the Towers obſerved eAlticude at the firſ# 
Station. 
T's tothe height of the Tower or Objeft above the eye, 
Sos 1 the Radins 
To the diſtance berween the Eye and the Top of the Tower ; and by the 
ſame Proportion uſing the Ark at the ſecond Station, the diftance 
_ between the Eye and the Top of the Tower may be likewiſe 
found. 
If any one deſire to (hun this Proportion in a difference , as per- 
Taps wanting natural Tables, it may be done at-two Operations : 
he firſt to pet the diſtance from the eye to the Top of the Tower 
at ficft Station, in regard the —_— of two Arks is equal . — 
2 
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 Cifference of their Complements, it will hold 


As the Sint of the Ark of difference between the Angles obſerved at each 
tation 
Is to the diflance between the two Stations, 
$0: the Sine of 'the Angle obſerved at the ſurtheſt Station, 
To the diſtance berween the eye and the Top of the Objet at the firfÞ 
Station, which being had, it then holds, . 


As the Radine - 

To the ſaid Diſtance, © 

S».the Sine of the Angle obſerved at the firſt Staticn, 
To the eAltitnde of the Objett, 


The reft of the Lines on the Quadrant are either for working of 
Proportions, or for ProtraRions, and Dyalling depending thereon ; 
wherefore I thought fic to reduce all the common Caſes of Plain 
and Sphcerical Triangles to ſetled Cannons,and to let them precede 
their Application to this or other Inftruments,which ſhall be eadea- 
voured ; it being the cheif aim of this Book to render Calcu'ation 
facil , in ſhunning that meaſure of Triangular knowledge bitherto - 
required, and to keep a check upon it. 


Some eAffetions of Plain 
TRIANGLES. 


Hat any two fides are greater then the third, 
T Thar in every Triangle the greater ſide ſubtendeth the preat-- 
er Angle, and the Converſe. 

That che three Angles of every Triangle are equal to two righe 
Angles, or to 180', 

That any ſide being continued ,. the outward Angle is equal to 
the two inward Oppoſite ones. 

That a Plain right angled Triangle hath but one right Angle, 
which is equal to both the other Angles , and theretore choſerwo 
Arigles are neceſſarily che-Complements ene of another. 

By the Complement of ,an Arch is meant the reſidue of that Arch 
caken from 90? unleſs it be expreſſed the Complement of it to- 
1809, to ſave the rehearſal of theſe long Words, The Tangene 
of the Complement, The Secant ofthe Complement ; orhers 
are ſubſtituted, namely the Corangent and the Coſecant. 

An Obatſe angular Triangle hath but one Obtuſe angle,an Acu- 
tangular Triangle bath none. 

If an Angle of a Triangle be greater then the reft , it is Obcuſe, 
if leſs Acute. 

The Side ſubtending the right Angle is called the Hipotenuſal 

and the other two the Sides or Leggs. 


I. To find a fide. 
Given the Hipotenuſal,and one of the Acute Angles, and con- 


ſequently both. 
Alt the R adins 


To the Sine of the A ele oppoſite to the ought : 
So u the Hheannſal- ad mo 
' To;he fide ſanghs.. 2 To 0 


Caſes of Plain Triangles, 
2% To find a Side: 
Given the Hipotenuſal arid the other ſide. 


As the Hipotenuſal To the given ſide : $9 is the Radini tothe Sine of 
the Angle oppoſite to the given fide. 
Then take the Complement of that Angle for the other Angle. 


es the Radima, to the Hipotenaſal : So is the Sine of the Angle oppo: 
fete, To the fide ſought, To the fode ſought 


3s To find a Side. 
Given a Side, and One Acute Angle, and by conſequence both 


As the Rading, To Tangent of the Angle oppoſite to the fide ſought : 
So # the given fide, To the fide ſought. 


| Or, 

As the Sine of the Angle oppoſite to the given ſide 

1s to the given fide : | 

Sow the ' ine of the-other Angle 

To the Side ſonrht. 
4: To find the Hipotenuſal. 

Given one of the Sides, and an Acute Angle conſequently 
th 


both, 
eA's the Sine of the Angle oppoſite to the given ſide, 
Is to the Radins : £6 pep —_ 
So is the given Side, 
To the Hypothenuſal 


'Or, 


At the R gdius, To Secant of the Angle adjacent to the given Side: 
$0 ;s the given fidg, To the Hiporenuſal. | a 
| $s..Ts 
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5: To find the Hipotenuſal. 
Given both the Sides. 


eN) one of the given Sides, To the ther given Side: 
So is the Radirs, To the Tangent of the Angle oppoſite to the othey fade, 
Then rake the Complement of the Angle found-or the. 


other Aagle. 


They, As the Sint of the Angle: oppoſite to.oxe of the given Leger, w 
Sraes, 


Hi to the given Sides : 
So 1, the Radis, Tothe Hipotennſal.. - 
6, To find an Angle. 
Given the Hipotenuſal, and-one of the Sides. 


ef the Hipotenuſal, Is to the given Siat : 
$55: the Radins, To the Sine of the Angle oppoſite to the given ſide ; 
The Complement of che angle found, is the other Angle. 


7«: To find-an Angle. 
Given both the Sides. 
eAi one of the given ſides, Ta the other given Side : 
So - Fw Radine, Torhe T angent of the angle oppeſitt to this other” 
» The Complement of the angle found is the other Angle. 


Becaufe the Sum of the Squares of che of a right angled 


Los a is equal to the Square of the Hipotenuſal by 47 1 Exclid, 


the 24 and 5* Caſe may be otherwiſe performed. 
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2. Caſe, Tofind a Side or Legg. 
Given the Hipotenuſal, and other Legg. 


To do it by Logarithmes, Add the Logarichm of the Sum of the 

Hipotenuſa and Legg, tothe Logarithm of their difference, the 
half Sum is the Logarithm of the Side ſoughe. 
Which in natural Numbers is to extra the Square root of the Pro. 
du& of the Sum and difference of the two Numbers given, namely, 
the -—___ and Legg , which ſaid root is equal to the ſide 
ſought. 


5. Caſe, When-buh the Sides are given to find the 
Hipotenw/al. 


To doit by Logarithmes , Subftrat the Logarithm of the leſſer 
ſide from the doubled Logarithm of the greater, and to the abſo- 
lute number anſwering to the remaining Logarithm add the leſſer 
ſide the half ſum of the Logarichmes of the Sum thus compoſed , 
ard of the leſſer ſide), is the Logarithm of the Hypotenuſa ſoughe , 

Which work was deviſed , that the Propoſirion might be perfor- 
med in Logarichmes ; The ſame Operation by natural numbers , 
would be to Divide the Square ofthe greater of the Sides by the leſ- 
ſer, and to the (Quotient to add the leſſer Side , then multiply that 
Sum by the leſſer Side, and extraRtthe Square root of the Produtt 
for the Hipotenuſal ſought, 


Caſesof Oblique Plain Triangles.” 


I. Dats To find as Angle, 


== ſides with an Angle oppoſite to dne of thetn to find the 
Apgle Oppoſed to the other ſide. . 


As one of the Sides, To the Sine of its oppoſite Angle : 
. Sothe other fide; to the Sine of the angle oppoſed theren0. , 
I 


a ws $i ike, ] v AL. vV 
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If the Angle given. be Oluſe , hg Side-oppoſite .to it will- bz 
reater then either of chereſt , and the other two Angles ſhall be 
—...- | + of 

Bur if che given Angle be Acute ; it will be doubtful whether the 
angle oppoſed to the greater ſide be Acute or Obtuſe , yet a true 
Sine of tbe 4 * Pcopertional, wy we © 

The Sine found will give the angle oppoſite to the other given 
ſide, ifit be Acute,and it will always be Acute when the given angle 
is Obtuſe,, Bur jf ir. be fore; knowp ro. þe Obtuſe,, the Arch of the. 
Sine foynd ſubſtrat from a Semicircle, and there will remain the 
Anp.e ſought, . edt SE F 

1a chis Caſe the quality or_affeion of the angle- ſought muſt be 
given, and fore-known , for otherwiſe it is impoſſible to give any 
other then a double anſwer, the Acute angle found, or its Comple- 
ment to 180", yet ſome in this Caſe have preſcribed Rules to know 
it, ſuppoſing the third Side given which is not, if it were then in any 
Plain Triangle it would hol >. That if zbe Square of .any Side be 
equal to the Sum of the Squares'of the other two Sides , the angle 
it ſubterds is a right angle, if leſs Acute, if greater Obtuſe ; but if 
three Sides are given we may with as little trouble by. follewing, 
Proportions come by the quantity of any angle , as by this Rule to 
know the affeCtion of it. 


T wo Sidet with an Angle oppoſute ro one of them , to find the 
third Side, 


In this Caſe asin the former, the aff:Rion of the angle oppoſite 
to the other given fide., muſt be fore-known, or elſe the anſwer 
maybe double or doubtful. 


;C Cafes of Plain Triangles. 

Fn the Triangle annexed there is given the ſides AB and AC 
with the angle ABC to findthe oppoſite to the other given 
ſide, which may beeither the angle at-Cor D, and the third fide, 
which may be either B C,or B D, the reaſon hereof is becauſe two: 
of the given tearms the Side A-B, and the angle at B remain the 
ſame in both Triangles,- and'the other given fide may be either AC | 
or AD<qualtoit, the one falling as much without as the other 
doth within the Perpendicular AE. 

The quality of the argle oppoſite to the other given ſide being 
known; by the former Caſe get the quantity , and then having ewo 
angles the Complement of their Sum to 180* is equal to the third 
angle, the Caſe will be to find the (aid fide, by having choice of the 
other ſides, and their oppoſite angles as follows. 


2. Two Ang'es with a Side oppoſite to one of them given. 
to find the Side oppoſite to the other, 


A the Sins of the angle oppoſed to the given Side, 
Is to the given Side; . 

So # the Fine of rhe angle oppoſite to the fade ſought: 
Tothe fide ſought; 


Ricciolus in the T r5g0nomrrical part of his lxe Almageſtam Nev 
v«m, ſuggeſts in the reſolutiorof this Caſe , that if the ſide oppo- 
ſite tothe Obcuſe angle-be ſought , it cannot be found nnderthree 
Operations ; as firſt ro get the quantity of the Perpendicular falling 
from the Obtuſe angle on its Oppoſite ſide, and then the quantity 
of the- two Segments of the fide, on which ir-falleth , and ſo add 
them together to obtain the ſide ſought ; But this is a miſtake, and' 
ifit were rrue by the like reaſon a fide oppoſite toan Acute angle; 
could not be found without the like trouble ; for in the Triangle 


above, - 


eF1 the Sine of the angle at B 

11 toits Oppoſite fide A Cor A D; 

Sois the Sin: of the angle BC A,or BDA, 
Toits oppeſice Side B A, 


where the Reader may perceive that the ſame fide hath oppoſite to 
it 


. : 4 
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it both anAcute and anObtuſe angle,the one the Complement of the 

to 180), the ſame Sine being common to both, for the Acute 
leACE is the Complement of the Obtuſe angle B C A ; bue 
the anglearC is equal to the angle ac D being ſubtended by equal 
Sides, and the Proportien of the Sines of Angles to their oppolic 
Sides is already demonſtrated in every Book of 7 rigenomerry. 


3. T wo Sides with the angle comprehended to find either of 
the other Angler. 


Subftra& the angle given from 180', and there remains the Sam 
ofthe two other Angles, then 


A's the Sum cf the Sides given, 

To tangent of the half ſum of the unknown Ang les : 

So 3s the difference of the ſard Siaes, 

ToT angent of half the difference of the unknown Angler. 


If chis half difference be added to balf ſum of the angles, it makes 
the greater, if ſubftracted from it, it leaves the leſſer Angle 


4. T wo Sides with the Angle comprehended , to find the 


. third fide. 
. By the former Propoſition one of the Angles muſt be found, and 
taen 
As the Sine of the angle found, is to its Oppeſte fide : 
So ts the Sine of the angle given, 
To the Side oppoſed thereto, 


If two angles with a Side oppoſite to one of them be given, to 
find the ſide oppoſite to the third Angle is no different Caſe from 
the former, becauſe the third angle is by conſequence given, being 
the Complement of the two given angles to 180',and the like if ewa 
angles with the fide between them were given, 


5. Three Sides to find an Angle. 


The Side ſubtending the Angle ſought is called the Baſe, 
H 2 At 


F3 Cafe of Plain Trieng's: 

«A tle Reflangle or Produtt of the balf Sum of the three ſides, and 
of the difſeriut e of the Baſt thereſrim,” ©" | 

Is tb the Square'f the y 7 ; 

$9 is the RiQaw1le of '1h8 difference of rhe Legg! , or comtejning Sides 
thertfrom , to the $ Fare of the Tangent, id half1he Ab Bake. 


And by changing the third tearm into the place of 
_ __thefirſt, 

At the Relt:ngl: of tle Differences of. the L:ygs from the half - Sum 
of the 3 ſtats, Ee 

Is to the Square of the Radius * 

Sous the Reftangle of the ſid half ſam, an of the difference of the Baſe 
there freom,To the Square of the T angent of an angle, which doubled 15 
the Complement of the angle ſeonght ro 180", Or the Complemen of 
this angle donbled is the angle ſought. re SY 


Toe EC = Jn 
From the half Sum of the three Sides ſubſtrat each Side ſeverally 


then from the Sum of the Logarithmes of the _ of the Radius 
> (which in Logarithms is the Rains dbtibled arid of the differences 
of the Sides containing the angle ſought. 

Subftract the Sm of the Lopatithiris of the half ſum of the three 


ſides, and of the difference of the Bafe therefrom the half of the 
remainder is the Logatithm of che Tangent of half the angle ſought 


C 


Inthe Triangle ABC let the three ſides be pi _ 
Obtuſe angle at C,. > tl given to find the 
Diftez 


— 
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Differences from the half ſum. 


BC -, —IO — ——-——2, 0043214 
AC 194 Legg 169 ——, 767 
AB 279 Bale——25\Logatithms benno 
— —— t, 3979400. Sum w.th 2 24,2323081 

Sum 590 double Radius 

half fura 295 ——2, 46982,20 
— _—— 3 8677620 
3, 8677620 - 
Or npp—_ — 290,3644461 
Tangent of. 56*- 41 which.doubled: 10,1822230 
is 113* 22'che-apgle-ſought, half 


For the 2' Proportion for finding:an Angle theOperat on varies; 
to-the former ſura-add-the. double Radius., and.from the Aggregate 
ſubraR-che.latter ſum; thebalf of the Relique is the Logarithm of 
the Cotangent of half the Angie ſought. 

23, 8677620 
4, 2322084: 


1946355539. | 
9 8177769: Tangent of 23919 the Complement where- 
of is 56* 41 which doubled makes 1 13% 22" 


as before 
The Tables hixs made uſe of are Mr. Gellibrands. 


It may be alſo foundin Sins, 


As the Reftangle of the Containing Sidet or Legge, 
Is to the Square of the Radins ; 
So the Reftangle of the differences of, the ſaid Leggs ifrom balf Sum 


of the three Sides, 
To the Square of the Sine half the Angle ſought. 


Or,. We may-find the.Square of the Coline of half 
the Angle ſought by this Praportion. 


As 


Fu Caſes of Plain Triangles, 

As the Reflangle of the containing Sides, 

Is to the Square of the Radius : 

So the Rettangle of the half ſum of the three Sides, and of the differente 
of the Baſe there from, " — 

To the Square of the Coſine of half the Angle ſought, viz. To the 

Square of the Sine of [uch an «rk, as being donbled ts the Comple» 

ment of the Angle ſought to 180", or the Complement of the found 

eArk doubled is the angle ſought, 


All theſe Proportions hold alſo in Spherical Triangles if inftead 

of the bare names of Sides you ſay the Sines of thoſe Sides,and 

this Caſe may alſo be reſolved by a Perpendicular fet- fall ; 

but the Reader need not trouble himſelf with name nor thing 

in no Caſe of Plain or Spbarrical Triangles , but when two of 
the given Sides or Angles are equal. 

If the Square of the Radius and the Square of the Sine of an Ark 
be both divided by Radius the Quotients will be the Radius , and 
the half Verſed Sine of twice that Arch , and in the ſame Proporti- 
on that the two tearms propounded, as will afterwards be ſhewed, 
upon this Conſideration may any of theſe Compound Proportions 
be reduced to ſingle Tearms for Inftrumental Operations, by plz- 
cing the two Tearms of the firft ReRangie, as two Diviſors in two 
ſingle Rules of three, and the tearms of the other ReRangle as 
mi dlertearms. 


An Example in that Proportion for finding an Angle in 
the Siner; 
e's one of the Leggs or including Sides, 
Is to the difference thereof from the half [wm of the three S1'es : 
So « the Difference of the other Legg therefrom, 
Toa fourth Number, 
Apain. 


As the other Legg, To that fourth Number : 
So is the R gdi6, To the half Verſed Sine of the Angle ſought ; 
And ſo is the Diameter or Verſed Sine of 180d Or Setant of 604 To 
the Verſed Sine of the Angle ſought. 


And 
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And up6n this Conſideration , that the fourth Tearm in every di- 
re& Proportion bears ſuch Proportion to the firſt Tearm , as the 
ReRangle or Product of the two middle Tearms doth to the Square 
of the firſt Tearm, as may be demonſtrated from 1 Prep. 6. Exclid. 
We may place the Radius or Diameter in the firft place of the firſt 
Proportion, and fill have the half or the whole Verſed Sire in the 
lsft place as before, therefore 


As the Radins, To one of the given Leggs : 

$o the other given Legg, Toa —_ Namber , which will bear 
ſuch Proportion to the Radius, as the ReRangle of the two given 
Leggs doth to the Square of the Radius, then it holds, 


As that fourth number, Ts the Radius : 
. Sothe Reflang le of the difference of af ie Legg: from the half 
ſum of the three ſides ; To the Square of the Sine of half the 
Angl: ſought, and omitting the Raidius, it will hold; 


CEegqgs 
cr © p/ 
At that fourth Number, To the differences of F f 
Legg from the half ſum of the three Sides : So us the difference 
of the other Legg therefrom , To the half Verſed Sine of the An» 


gle ſought, 


And if the Diameter had beenin the firſt place , then would the 
whole Verſed Sine bavebeen in the laft. 

This Caſe when 3 Sides are given to find an Angle is commonly 
reſolved by a Perpendicular let-fall , ir (hall be only ſuppoſed and. 
the Cannon will bold, | 


As the Baſe or greater Side, 

To the ſum of the other Sides : 

$0 is the difference of the other Sides, 

Toa fourth Number, which taken out of the Baſe, half the remain- 
der is the lefſer Segment, and the faid balf added 'to this fourth: 
Namber is the greater Segment. 


Again 
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Again, 


As the greater of the other Sides, To Radins : 
So « the greater Segment, 
To the Coſin: of the Angle adjicent thereto, 


Or, 
As the leſſer of the 0 her Sides, To Radins * 
$2 ts rhe leſſer Segment, 
T the Ceſine of its adjarent Angle: 


This for either of che Angles adjacent to the Baſe or greateſt fide 
but for the angle oppoſite rottie greateſt ſide; whith'may be ſome- 
times Obruſe, ſometimes Acute; not to riultiply Directions, the 
Reader is remitted to the'fbrmer Cannons, ot to find both the An. 
gles at the Biſefirft , and'by conſequente'thie chirUatgleis alſo gi- 
ven , being the reſidue of the ſum of the former from a Semi- 
circle. 

Inright avgled Spherical Triangletil 


By the affeQion of che Angles to know the AﬀeRion of 
the Hipotenuſal, and the Converle. 


Hiporenufal be aright anple C The Hiporenuſa < 
If both'be of the ſamekind; C — will be== "leffet @' thera” 
If ofa different kind, =) prehter\ Quatr; 


F '7 the Hipotenuſal to find the affeftvow of tht Legs, and 
the Converſe: 


If one of the angles at TS  —_ ) A Quadrant. 
f 


If the Hipote one of the Legs wil bea Quadrant: 
nufzt be s - The Legg#'; -andheir Oppoſir 
Leſs then — >A Quadrant > Angles wil be ieff'thet Quadrant 
One Legg will be greater, & tl-. 
Greater, — other leſs then the Quadrant: 


The 


Aﬀettions of Spherical Triangles, 57: 


The Leges of a right angled Spherical Triangle are of the ſame 
AﬀeTtion as their Oppoſite Angl-s and the (onverſe : 


a Quadrant | + «nom a Quadr. 
If a Legg >leſs then a <the Angle>thereto Acute 
be greater { (Quadrang Qwill be /Obtuſe. 


All theſe AﬀeRions are Demonkrated in Snelixe ; I ſhall add 
fome more from Claviue de Aftrelabio, and the Lord Nepoir. 


The three Sides of every Spha:ical Triangle are leſs then a 


Whole Circle. 
| Acute 
In an Oblique avgular Triangle , If two Angles be 
Obtuſe 
lefler 
equal the Sides oppoſite rothem ſhall be then Quadrants, 


greater \ MKeg.10..11,4 
If an Oblique angular Triangle, Acute 7 Angles be 
if ewo—— —— —Obtuſe $ unequal 
the fide oppoſite leſſer ? (hall leſſer 7 theo a Quadrant 
to the — —greater\ be greater F Reg.12,13. 4- 
An Acute angular Triavgle hath all its Angles Acute,and each (ide 
kefs then a Quadrant. 
Two ſides of any Spherical Triangle are greater then the third. 
Tf a Spherical Triangie be both rigbr angled and (Quadrantal, 
the ſides thereofare.equal to their Oppoſite Angles. 
If ir hath chree right Angles, the three ſides of itare Quadrants. 
If tt have-two righe Angles , the two ſides ſubtending them are 
Quadrents and the contrary, and if it have one right angle, and one 
ſide a Quagrant,it hath ewo right argles,and rwo Quadreacal ſides. 


Any fide of a Sphcecical Triangle beiog continued , if the other 
ſides rogether 


axe equal to A Semicircle Cequal to \ Che inward 
leſſer then © he outward <leſler Tehen oppoſic an- 
greater | Q angle wil be /greater gle on the 


ſide continued. I if 
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If any Spherical Triangle have two Sides equal to 
| leſſer then a Ie 
greater 
micircle, the two angles at the Baſe or third Side will be 
qua] ro 


leſſer {T __ right Argles, 


gre at. i 


In every right anpled Spherical Triangle having no Quadrantal 
Side, the angle Oppoſite to that Side that is leſs then a Quadcant'is 
Acute, andPpreater then the ſaid Side ; 

Bart that angle which is Oppoſice to the Side, that is greater then 
a Quadrant, is Obtuſe; ard leſs then the ſaid Side. 

In every right.angled Spherical Triangle all the three angles are 
leſs then 4 right angles, that isthe two Obl que angles are leſs then 
3 right angles, or 2707. 

Ina right angled <quicrural Triangle , if the ewo equal angles be 
Acute, either of them will be greater then 45%, but if Obcuſe leſs: 
then 135%. 

In every right angled Sphaz-ical Triangle either of the Oblique 
angles is greater then the Complement of the other , but leſs then 
the difference of the ſame Complement fram a Semicircle. 

Two angles of any Sphcerical Triangle are greater then the diffe- 
rence between the third angle and a Semicircle , and therefore any 
ſide being continued , the outward angle is leſs then the-two inward 
oppoſite angler, | 

The ſumof the three Angles of a Sphce-ical Triangle is greater 
then ewo right angles, bur leſs then 6, 

-In Spherical Triangles, that angle which of all the reft is neareRt in 
quantity to a Quadrant, and the ſide ſubtending ir are doubtful, 
Whether they be of the ſame, or of a different affeRion, unleſs fore. 
known,or found by Calculation ; 

But che other two more Oblique angles are each of them of the 
fame kind as their Oppoſite Sides , which Mr Ngrwoed thus pro- 
pounds, 7 wo Angles of a Spherical Triangle, ſhall be of the ſame af- 
feRtion as their Oppoſite Sides, and to this purpoſe, 

If any Side of a Triangle be nearer to a Quadrant then its oppo- 
fice Avgle, cwo Angles of that Triangle ( ngt univerſally any __ 

M1. 
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ſhall be of the ſame kind, and the third greater then a Quadrant. - 

But if any Angle of a Triangle be nearcr to a-Quadrant then its 
oppoſite ſide, ewo Sides of that T vw univerſally any ewo) 
ſhall be of the ſame kind, and che thir then a Quadrant. 

In any Spherical Triangle , if one of the be ſubftraed 
from a Semicircle, and the reſidue fo found ſubftrafted from a 
Whole Circle , the Ark found by this latter SubftraRion, will be- 
greater then the Sum of the other two Angles, 

In every Spherical Triangle the difference between the ſum of 
two angles howſoever taken, and a whole Circle or 4 right angles 
is greater then the difference between the other Angle and a Semi- 
circle ; The demonſtration of moſt of theſe AﬀeRions are in Cls- 
vias his Comment on T7 heodofie , or in bis Book de Afrolabis , 
where ſhewing how to proje& in Plano all the Caſes of Sphcericat 
Triangles, and ſo to meaſure the ſides and Angles, livers theſe 
Theorems co prevent ſuch Fifirious Triangles 8s exiſt in the 


Sphere. 


io 


The 16 Cafes of right Angled Spharri. 
cal Triangles, Tranſlated from ( /a- 
vius de »Ajirolabio. 


t. To find a» «Angle. 
Given the Tn” and ſide oppoſite to the Angle 


a Ooogne, 
drthe Sie of the Hiputenuſal,To Radim: So the Sine of the given ode 
To the 1 the Angle fought. 
Or, As RadtSs, To ſine of the Hipottauſat : So the Coſecant of the 
file, Ts the Coſecant of the Angle. 
es Radins, To fine of the ſide : So Coſecant of the Hipotenuſal; To 
fine of the angle. 
As Coſicant of the fide, To Radias: So Co/tcant of the Hipotenuſal , 
T o Gefzcant of the angle. 
Az Coſecant Hipotenuſal, To Radias :« So Coſecant of the fide, To (0. 
ſecant of the angle. 
e1s the Sine of the ſole to Rading.: So fine of the Hipotenuſal, To Coſe. 
cant of the Angle. 
The Anpte found wilt be Acure if the Side given be leſs then 
a Quadrant, Obtuſe if greater. 


2+. To find an Angle. 


+. . Giventhe Hipotenuſal and fide adjacent to the Angle. 


Hs. Radius, To Corangent Hipotenuſal : So tangent of the ſid: , To 


C oſone of the aygle. 
As tangent Hipotenuſal, To Radins , So tangent of the Side. To Co« 


ſine of the angle; 
As the Cetangent of the fide, To Radins : So Cotangent Hipotennſe, 
Ta Ceſine of the angle. : 


- FY 
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eAt Radine, To C fide © So tenzent Hipatenuſa, To'Secan of 
the angle. 

Ar Cotangins Hiporenuſal : To Radins : So Cltangent fide, To Secant 
of the angle. 

eA' the tangent of the fade, To Radixs : So tangent Hiput: To Secan; 
0/ the angle. 

The Angle found will be Acne, if both the Hipotenuſal and the gi: 
ven ſide be greater, or leſs then a Quadrant, bys Obtuſe if one of 
chem be greater, and the other leſs, 


3+ Ts find an Angle. 


Given the Hipotenuſal, and either of the Oblique Angles 
At the Radinas, To Coſine Hip: :; So Tangent of * Toihe Cotang of 
3 given angle ſought angle 
As the Cotangent of : To Radius :: So Coſine of: Tothe Cotang of the 
the given angle the Hip: ſought angl:. 
As the Cofine of the Hipet: Ts Radius :: So Cotang: of : To the tang.of 
the given angle the ang:ſoughs 
As the Radims, ToSecans Hip: :: So (ogaugent of : Tothetong of the 
the given augle angle ſought 
eA's Srcant of the : To Radins :: Sothe tangent of : To the Catan: of 


Hipnens ſal the angle given the angle ſought 
Ar the tangent of : To Raamms : So Stcansof the: To tangent of rhe 
the gvoex anzle Hipotenuſal angle fought. 


The aagle found will be Acute. it the Hipotenuſal be leſs then a 
Quadrant and the given angle Acute ; or if che Hipctenuſal be prea- 
ter then a Quadrant, and the given angle Qhtyle ; And the ſaid an» 
gewill be Obeaſe, ofthe Hipotenuſal be lefs then a Quagdragt , and 
che given angle Od:a; Oc the Hiporenuſal be greater theo a 
Quagranc, aad the gives argle Acute, 


4. To pud an Angle. 


| Given the Side oppoſite to the Angle ſought, and the other 
| Oblique Auglc. 


A rg 


| n . | 
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As the Radins 1 To fine of the angle :: So is fone : To the Coſme of 
| given of the given fide tht angle ſought 
Ai the Radins: To Coſecant of the :: Ss Secart of the : To Secant f he 


given angle ſide given angle ſought 
As the fine of the : To Radina :: So the Secant of : To the Stcant of 
ven axgle the given fide the angle 
As the Cofine of the : To Radins :: So the Coſecant of : To the Secant of 
given ſil V the given angle the avgle ſought 
As the Coſecant of : To Radins: So Cofine of the : To the Cofine of the 
the gives angle given ſide angle ſought 
As the Secant of the : To Radins :: So fine o the : To the Coeur of the 
given fide | given angle angle ſong ht 


The anple found will be Acute, if the ſide given be leſs then a 
Quadrant, Obtuſe if greater, 


5. To find an Angle. 
Given a ſide adjacent to the angle ſought, and the other Obl que 


angle, if it be foreknown whetber che angle ſought be Acute or 
Obtuſe, or whether the Baſe or other ſide not given be greater, 


or leſſer then a Quadrant. 
As the Cofine of the : To Radins :: So Coſone of the : To the fone of the 


iven fide ® given angle angle ſought 
es the Radiua: To Secant of the :: So (ofint of rhe : To Sine of the 
given fide given angle angle ſonght 
As the Radius: To Secant of the: : So Coſine of the : To Coſecant of 
| iven angle given ſide ſowght angle 
EA the Coſine of the : To Radins : : So Coſine of : To the,Coſecant of 
given angle the given fide - the angle ſought 
As the Secant of : To Radins : : Sui the Secant : Tothe Coſtcant of the 
the given ſide of the given angle angle ſonght 
Als the Sccant of the : To Radins :: Sos the Secant ; To the Sine of the 
given angle of the given ſide angle ſought 


The angle found will be Acute , if the ſide not given be leſs then a 
Quadrant, Obcuſe if greater. 


In 


_— 


"» 
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Inlike manner if the Hipotenuſal be leſs then a Quadrant, and the 
ven angle Acute; Or if the Hipotenuſal be greater then a Qua» 

rant, and the given angle Obruſe, the angle found will be Acute, 

Bur if the Hipotenuſal be leſs then a Quadrant, and the given an- 
gle Obcuſe , or if the Hipotenuſal be greater then a Quadrant , aud 
the given angle Acute, the angle found will be Obtuſe, 


Gi To find an eAngle. 
Given both the Leggs. 


At Radins: To ſine of the fide: : $0 (orang of the: To C tang of 
adjacent roſought ſide oppoſite to the th: angle 


angle angle [ought ſong ht 

As the fine of the fide : To Radins : So the tangert of « To the tang: 

adjacent to ſe wgnt the fide oppoſite to of the angle 
angle the ſought angle {ought 

As the T angent of th»: To Radins :: So the ſine of the: To Cotang: 

foae opp1/ete to ſought fide adjacent tothe of the angle 

angle ſought angle ſought 


Al the Radius: Ts Coſecant of the :: So the tangent of : To the taxg: 
ſoae adjacent to the fide opprſie + of the angle 


ſought angle thereto ſought 
At the Coſecant of tee: To Radina :: So is the Cotang of : To (,otang: 
fide adjacent to the- the ſide oppoſite rg. of the frrks 
angle ſought the angle ought angle 
At the Cotangent ſide : To Radins :: So Coſecant of the : Tothe rang: 
o-pyſire to the ſought ' fode ahjaventi9 the of the angle 
angle angle ſought ſought 


The Angie found will be Acote, if the 1ide oppoſite to the angle 
ſoughr be leſs chen a Quadrant, but Obcule if greater... 


7, To find a Sige or Legy. 
Given the Hipotenuſfal and the other Legg: 
ei the Coſine of the : To R aains ;: So Coſyne of the :T 0 Coſine of the 
given ſide Hiporennſal fide ſought. 


At Radina :. To Secant of the :: So (ofpue of the : To (vine of the file - 
þ1e Hip»tennſal ſought Ax 
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A: Cofine Hipotenuſal: Ts Radins :: So Cofine of the : To Secant of 

given ſide the ſide ſomgbe 

As Radins : To Secant of the :: So Cofine of the : To Secans of the fade 
Hipotenuſal given fide ſc nght 

e's the Secant of the : To Rudrws :; So Seca t of the : To Ciſone of the 


Hipotenuſal goven fide fide ſought 
As the Secant of : To Rad us: : So Secant of the: To the Sceant of 
the given fide Hipatenyal the fide ſought 


The ſide fought will be leſs then « Quadrant , if both the Hipote- 
nuſal and piven ſides be teſs then Quadrants,but greater then a Qua» 
drant ifeither the Hiporenufal be greater, and the given fide leſs, Oc 
iftbe Hipotenuſal be lefs, and the given ſide greater. 


8, To find a Side, 


Given the Hipotenuſal, _ - Angle oppolite to the fide 
ughe. 
As the Radins : To fine of the : : Soſineof the : To the fine of the 
Hipotennſal geven angle fide ſought 
At Ratins : To Coſecant of the :; So tbe Coſecant of : To Coſecant of 
Hiparenuſul the given an;le the ſs e ſemgbe 
As the fine of the : To Raditu :: So Coſecent of the: To Coſecant of 


Hipotenuſal given angle the ſpe ſought 
As the (ofe cant of . To Rating :: So the ſine of the: Tothe ſine of 

the given angle Flipotennſal the ſide ſought 
As the ſine of the : To Radins :: So the Coſecant of : Tathe Coſegant of 

given angle the Hipotexuſal the ſile ſought 


The ſide found will be/lefsrhen a Quadrant, if che Angle pppe- 
ſice thereco be Acute, but greater if Obtuſe, 


9, Toſind a Side. 


Given the Hipotenuſal and Angle adjacent to the Side ſought 


As the Ratings: To Coſine-of rhe :; So tangent of the : Tothe tangent of 
As 


given-angle Hipotenwſal fas ſony ht 


j 
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As tht Cofint of the : To Radius :1 88 [navy ”" of: To Cotang of the 


iven angle the Hipotrnuſal ſide ſcurhe 
a (orangent of : To Radina *: So the Coſine of - 9 of the 
Hipatenuſal the given angle fi « ſongbr 
eAt rhe Redins : To Steant of :;, So Cotangent of : To Cotang of the 
| the angle the Hipotenuſal fide ſought 
Ai the Secant of the: To Radits :: So tangent of the : T's the tangent of 
given angle Hipotenuſal the fide ſought 
As the tangent of : To-Radina :: So Secant of the: ToC etang: of the 
the Hipotenuſal Liven an; le fide ſomght 


The Side ſought will be leſs then a Quadrant, if the Hipoterw- 
ſal be leſs thena Quaarant, and the given angle Acute: Or if the 
Hipotenuſal be greater then a Quadrane , and the given angle Ob- 
tuſe ; Bur it will be greater then « Quadrant , if the Hipotenuſs| 
beleſs then a Quadrant, and the given angle Obtuſe : Or if the 
Hipoteruſal be greater then a Quadrant , and the given angle 
Acute. 


IG. To fond a Sie. 


Given a Side, and an Angle adjacent to the ſought ſide. 
Provided it be foreknown whether the (ide ſought be greater oc 
leſs then a'Quadrant,or whether the other angle not given be Acre 
or Obtuſe ; or finally whecher the Hiporenutal be greater oc lels 


then a Quadrant. 


Ar the Radina : To the C otangent of::.$0 tangent of the: T's (he Sine of 
the given angle given ſbde the fide ſoug't 
As the tangent of the: To R ading:: Sotangent of the: To rhe [me of 


given angle given ſide the ſide ſoug! t 

«Ar the Cotany of the : To Radiar:: Sothe Cotang of : To the ſine of 

given ſide the given angle the fide ſought 

A: Rading : To Cotangent of the : So rangent of the : To Coſerant of 

given fide given angle the fide ſought 

Az the tangent of ; To Rains :: Sotangent of the : To the Coſecant of 
the given fide given angle the fide ſonght 

K At . 
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As the Cotangent of ; To Radina 3; So { otang of : To the Cofecant 
the given angle the given file of the fide ſought 


The Side found will be leſs then a Quadrant, if the angle oppoſite 

thereto and not given be Acute, but greater if it be Obtuſe; In 
like manner it will be leſs, if che Hipoteruſal be leſs then a Qua- 
drant, and the fide gyven alſo leſs then a Quadrant : 
Or if the Hipotenuſal be lefs then a Quadrant, and the 
given ſide greater, the ſide found will be greater then a Quadrant, 
Laſtly, if both the Hipoterual, and the (ide given be greater then 
a '__uadrant , the fide found will be leſs then a Quadrant , but 
greater if the Hipotenuſal be greater then a Quadrant}, and the 
given fide leſs, 


11. To find a Sia. 
* Given a Side, and an Angle oppoſite to the Side ſought 
As Radira : Toſore given foie :;, $9 1angent given: To tangent of the 


angle fid ſought 
As the fine ofthe : To Ralius :; So Cotangent of : To Cotangent of 
given file ' the giv-na gle the [ide jowght 
As the Corangent of : To Radins :: Jo fire of the To the tangent of 
the grven angle given ſule the fide ſought 
Ai the t 1gent of the: To Radins :: $5 Coſecant of : To Cotangent of 
given angle the given ſide the fide ſought 


As the Radius : To C iſecant of th: :: $9 Cotang of : To Cotangent of 
givin ſide * the given angle the ſp le ſought 

As the Coſecant of : To Rad u% :3 Sota gert of the; To tangent of 
the gre on file Lives angle. the ſide ſoxoht 


The fide found will be leſs then a Quadrant, if the given Angle op- 
polite thereto be Acute, but greater if Obtute. 


12. Tofinia S de; 
Given both the Oblique Angles. 
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Ati the fins of the 6 [i p2 Radins;; $1 Coſbreof the : To (Cine of the 
gg le adjacent to angl- oppeſ, « 80 ſole ſought 

fe ſonzve Fob ſought 

Ay the Radins ; To Secang of the :; $» fine of the anrle: To Secant 
«wile oppeſiteca aghacent to the j149 of the ſide 
fear ſonghe ſoug*t ſong's 

Ai Ratins : To Coſacant of the :: So Coſmoof the: To Coſin: of the 

an;le adj:cent to angle oppoſiteto fide ſought 

ſide ſonghe ſide ſongs 

As the Coſine of the: To Rad mri: So ſs of the avgler To Seeant of 


angle oppoſite to adjacent tothe the ſile ſought 
ſs te ſought fide ſonght 
As the Secant of : To Rad us :: So Coſecant of the: To Coſine of 
the angle oppoſece angle az cent to te file ſought 
10 fide ſought the file ſowght 
es Coſecant of the ; To Radius :: $9 Secantof the: To Secant of 
angle adjacert to angle oppoſite t® the ide ſought 
fat ſought fe ſenght 


The fide found will be leſs then a Quadrant, if the given angle 
Oppolite thereto be Acute, but greater if Obcuſe. 


13. To find the Hipotenuſal. 
Given a ſide and au Angle adjacent thereto. 


As the Radins : To Cofine of the *:Ss Cotangent of the: To Cotang of 


given angle given ſi e the Hipotenwſal 

As the Cofine of the: To Radins :: So tangent of the : To tangent of 
given angle given ſide the Hipotenuſal 
As the tangent of : To Radins :: So Coſfine (iven: To Cotangent of 
the given ſide an; le the Hipotenuſal 
As Radings: To Stcant of the :: So tangent of the ; To the rangent of 
given angle given ſide the Fipotenyſal 


aL: the Secang of the: To Radins :: SoCotang of : To the Cotang of 
 goven angle Ly gives fide: the Hipotenuſal 
ef the Colangent of : To Radins 33 So Secart of the : Totangent of 
goven [ide « given angle the = 

2 
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The Hipotenuſal found wilf be tefs then a Quadrant , if the given 
ſide be Teſs then a Quadrant, end the angle given «djecene there- 
co Acute; As alſo if the given fide be preater then a Quadrant, 
and the given argle adjacent thereto be Obtufe. 

Rot it will be greater chen a Quadrant , if the given fide be greater 
then a Quadrant, and the given Ange ,z&jacent thereto Acute ; 
As alſo when the given fide is lefs then a Quadranr , and ghe gi 
ven Argle Obrufe. 


14. To find the Hipoteunſal 
Given a Side, and an angle Oppoſite thereto. 

If it be fore- known whether the Hipotenuſal be greater or tefs then 
a Quadrant, or whether the other angle not given be Acute or 
Obcuſe ; Or lafily, whether the other ſide nor given, be greater 
or leſs then a Quadrane. 


As the fine of the : To Radiua :: Ss ſent if the; Tothe wb Cog 


given angle ' green fide Hipsten 
As the Radins : To Cofec int of i; So fine of the : To the fone of the 
angle given Liven ſide Hopotenuſal 


As Radimi: To Coſecant given ſide :: So fine of the : To ofecant of 
iven angle the Hipotenuſal 
As the [ine of rhe : To Radini ©: $0 for of the: To Coſccant of the 
given fide given angle Hipotenuſal 
As (of cant of . To Ratins:: So Coſerant of the; To fine of the 
given fide given anzle Hipotexmſal 
At Cofecant of the : To Radins :: So the Coſerant of : To Coltrant of 
fiven angle the given fide the Hiporexaa{al 


F he Hiporenvfal feund will be leſs then a Quadram, it bortthe 
Odbhque Angles be Acute or Obcufe, or if both che frides be 
rexter Or leſs then Quadrants. 
It will alſo be greater then a Quzdrent, if one of the Obl'qve 
Aupſes be Acute, and theother Obtuſe, or if one:of ti 
be left. and the'ortier greater then #« Quaſrants, +++ 


4 


'en 
re- 
or 
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_ 
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15. To finithe Hiporen' ſal, 


Given both the ſides, diſtinguiſhed by the names of ficſt 2n4 
ſecoud. 


As Radins : To _—_ i: So Coſine 24 fide: ToC-hre of t 


Hep: temTis/ al 

As Radius: To Secant 1ſt fide tt So Secant 21 ſide: To Sceant of the 
Hipo:enuſal 

As Secant 1it file: To Rading :: So C ſine of the 2* : To Cofine Hi- 
(iae potennſal 

As Secant 2" fide : To Rains :: So Coſine 1ſt ſide. To Coſure of the 
Hipotena/al 

As Cofine 1 fide: To Rading ©: So Serant 2" file : To Secant of rhe 

Hinotenvuſal 


Ai Coſine 2* fide : To Ridins:: So Secant 1 fide: To the Secant of 
the H.potennſal 


The Hipotenufal found will be Jeſs then aQuadrant,if both the Sides 
are leſs or greater ; But otherwiſe , it will be greater , if one be 
Jeſs and the other greater, 

16, To find the Hipotennſal. 


Given both the Oblique Angles,diſtinguiſht by the names 
of the firſt and fecond. 


As Radins : To Cen So Cotangent : To Cofine of the Hipot: 
_ 2" angie 
As the rangent To So Corangent : ToCeſine of Hipnten: 


ft angle 2* angle 
As _ of : To Radins:: So  Coranyene 2 Ts (ofone Hipoten»ſal 
2* anple it anzhe 
He the Kadins ; Totangews: : So p_ To Stitan' of the Hipot: 
12* angle it | 
As Cotangent : To Radins : So rangent : To Stranv of the Hiroremf; 
2* angle iſt an2le 


As -y Corangents To Radins i; So Tangent : To Secant Hipotenuſ: 
The 


1ſt angle 2" angle 
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The Hipotenufal found will be leſs then a Quadrant, if both the 
ObI que angles be Acute or Ob:ule, but greater if one of them 
be Acute, and the other Obtuſe, 


I ſhall not ſpend time to ſhew Examples of all theſe Caſes, but 
(hall onely inſtance in an Example or two. Tn the Right anpled 
Spt.cecical Triangle PSN, let the (ide PN repreſent the Poles 
height, the ſide S P che Complemeat of the Sups declination, the 
fide $ N the Snis Amplitude of riſing from the North Me- 
ridian, the Angle S PN thetime of Suns riſing from Midnight,and 
the angle PSN the angle of the Suns Poſition; and in itler there 
be given the ſide PN51'32:,, andthe fide PS the Complement of 
the Sans Declination to find the angle S PN the time of the Suns 
riſing ; then in this Caſe there is given the Hipotenuſal,and the ſide 
adjacent to the angle ſought to find the ſaid angle; and this is the 
2* Caſe, whence the Proportion taken is, 


As R adins, To Cotangent of the Hipotennſal : So the T angent of the 
given ſide, To the Coſine of the angle ſonght; and ſo the Propor- 

- tion to find the time of Suns riſing will be 

eA's the Raaias, To the tangent of the Suns declination : 

So the tangent of the Latituae , To the Sine of the time of Suns riſing 

before 6 in Summer. or after it in Winter, the Complement where- 

of .s the time of its riſing from Midnight. 


Tangent 1 39 Suns declination 936336 
Tangent 51* 32' the Latitude—1, 009922 


Sine-16' 53* ——-, 946328 the Compl: of thich 


Ark1s'73, 6, which converted into time ſhews thatthe Sun ri- 
ſeth in our Latitude when he hach 13% of North Declination at 5 2" 
and a half paſt 4 in the morning. fere. | . 

By the ſame Dare we may find the Side S N the Suns Amplitude 
of riſing or ſetting, and this will with the 7 * Caſe, for here 
is given the Hiporenuſal,and one of the Leggs to find the other Leg 
the Proportion will be, 2 aA ID. 2 nas 


At 
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As the Coſine of the given ſide : Ty Ra 345: So the Coſine of the Flis 
potenn/al, To the (ofine of the fide ſought ; chat is 11 his Caſs, 

As the Cofine of the Latitude, To R adins : $9 15 rhe Sine of the Sens 
D. clinatien, T o the Sint of bis Ampli:ude ſrom the Eaſt 3r 1A. 


E xa" ple, Logme. 
Sine 134 +FRaduss —— — 1, 935203 
Sine 38d 28'--—————— __ 979333 


Sine 214 12 ——— 955825 theCompriement where. 
of,viz, 68' 48" is the ſfileS N fought, and this P:oportion is of 
good uſe to obtain the Variation of the Compals at Sea by the Suns 
Coaſt of riſing; More Examples need not be given, the Reader. 
may try over all the Caſes by che Calculated Triangte annexed, 


Some may ſay here are more Proportions then needs, eſpecially 
ſeeing there are no Loparichmical Tables of Secants ; but A/rerns 
amint Camens , they bave not hitherto been pub'i(hed in Engliſh; 
the Inſtruments to be treated of will have Secants ; beſides in lore 
Cannons there are T ables of the Arichmeticat Complement: of the 
Logarithmical Sines and Cofines, which augmented by Radius, are 
the Logarichmical Secants of the Complements of thoſe Arks to 
which they do belong ; and for Inſtruments, eſpecially Quadrants, 
a Proportion having Tangents or Secants many times cannot be 
Operated on the Quadrant without changing the Proportion , by 
reaſon thoſe Scales cannot be wholy brought on, being infinite ; 
_* Now 
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Now the chief Grounds for varying P.oportions , "are built vpong 
few Theorems. | 


1. That the ReQangle or ProduR of a Tangent , and its Com- 
plement is «qual te the Square of the Radius, or which is all 
one, thatthe Radius is a mean Proportional between the 
_—_ of an Arch, and the Tangear of its Complement, 
that is, 

As the T angent of an »Arch To Radins: So Radins , Totangent of 
that Arks Complement, 
And by Inverſion, 


eAs the Cotanger:t = eArch, To Radins : So Radins , Totangent 
of that Arch, that is, As the 4" tearmto 34 , So ſecond to firſt, 


2. That the Radius is a mean Proportional between the Sine of 
an Arch, and the Secant of that Arks Complement. 


Thatis, es the Sine of an A4rch, To R adivs : So ts the Radins, 
To Secant of that Arks Complemens, and the Converſe, 


3- That the ReRangles of all Tangents and their Complement;, 
being reſpeRively equal to the Square. pf che Radius, are Re- 
ciprocally Pcoportional, Thet is, 


es the Tangent of an Archor Angle: It to the Tangent of another 


: Arch or angle : 
So u the tangent of the Complement : Ts the tangent of the Complement 
of the latter Arch of the former, 


And by varying the Second Tearm into the place of the Third, 
we may compare the Tangent of one Ark to the Cotangent 
of another, &c. thar is, 

As the tangent of an : [s tothe (otangemt: : Sowthet ngent of this 
Arkor Ang/e of another yy latter ark 


To the Corangen of the former = 


4. Fhat the Sines of Arches, and the Secants of their Comple» 
ments are reciprocally proportional, that is, 


As 


5: ex...” 


nt = 4, 


AS &@ cc cimAm 
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At the Sint of an Arch + To the Sine of anether Arch or Angle: 
$# is the Coſecant of the latter Arch,To the Coſecant of the former, 

And by changing the 2 and 3 Tearms, a Sine may be com- 
| - Pared with a Secant. 
Now hence to be direRed to vary Proportions, obſerve that if 

4 Tearms or Numbers are Proportional,it is not material which of 

- — "ppm oat: ſecond or third place; for inſtance 

if it de, 

As2to4:: Som3to6: Itwill alſo bold, Ar2to 3 :: Se 4196; 
Secondly , that when 4 Tearms are in dire& Proportion , if a 
queſtion be put concerning a fifth Tearm not ingredient is the 

Proportion, it is not material whether the two former, or the two 

latter Tearms be taken: As if it hould be demanded ; When 2 

yards of Linnen coſt 4h, Whar ſhal! 8 yards ? Anſwer, 16. 

It might as well be ſaid, If 3 coft 6, What 8 ? Anſwer, 16, 
Hence then in any Proportion, if the two firſt Tearms be, 

N18 the T angent of an ark, To Radixa,cO bring the Radius into the 

firſt place, it may be ſaid, As the Radins, 1s to the Corangent of thas 

Ark. becauſe there is the ſame Proportion between theſe two lat- 

ter Tearms, as between two former ; Now in all the former The- 

orems, the two latter Tearms confift either of the parts, or of the 

Complements of the parts of the two former , whence it will not 

be difficule to vary any Pcoportion propounded. 


1. From whence it will follow, that a Proportion wholly in 
Tanrgents may be changed into their Complements 
without altering the Order of the Teams, 
and the Converſe. 
Ifit were As T angent 10',T's tang 20': Sotang 52. ,Totan 6g 15/ 
It would alſo be, As tang 804,Ts ran 70':So tan 38';To tan 20'45/ 


; 2, That if the two latter Tearms of any Proportion being 
Tangents are only changed into their Complements, it 
infers a Tranſportation of tbe firſt Tearm into 
the ſecond place. 
That is in the firſt Example, As Tang 20'\, To Tangent 10' : 
\ $0 T angent 38\, ToTangent — f 


3. That 
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3. That-if the two tormer Tearms of a Proportion being 
Tangents are changed into their Complements, it 
likewiſe infers a changing of the chird Tearm' 
| into the place of the fourth. 
. And then if the fourth Tearm be ſought; it willhold, 


At the ſecond Tearm, To the firſt : Sou the third Trarm as at firk 
propounded to the fourth, 
In the firſt Example, «+ t4»gent 70! ro tangent 80%: Sozang fa 
ro lang 65 | | | 


4. That a Proportion wholly in Secants way be changed 
inco a Preportion wholly in Sines, withour altering 
the Ocder of the places, only:-by taking their 
Complements,and the Converie. 

' If it were; | 
As Secant of 80 To Secant 70' ::. So Secant 65") To Srcant 10 
« Ie would alſo hold in Sines, 
| As the Sine 10 to Sine 20® :: Sothe Sine of 3cd To Sine 80' 


5: That if the two latter Tearms being Secants,ſhould be chang- 
ed into Sines, andthe Converſe, if they: were Sines to be 
turned into Secants, it will be done only by taking their 
Complements, but chen muſt the ſecond and firſt 
Tearms change places o6ne with-another: 


If the Proportion were, As Size 12,' to Sin* 42 :: Sou the Secant 
_ of 36' to Stvant of 75 '26/, | 
It would alſo hold, 4s Sine 42 to Sine 12':: So Sine of 54' ro the 
Sine of 14 \.34/+ 


6: Thec if the rwo former Tearms of a Proportion. in Secants, 
ſhould be changed into Sines and theConverſe;this woult in- 
fer a changing of the fourth Term of that Proportion into 
the place of the Third : But the third Tearm not being char 
which is ſought: The Rule to do it, would be to imagine the 
two firſt Tearms tochange places, and-then to take their 

Complements. | 


—; w 


© © ©, 


[4 
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If the Proportion were, «As Seeant of 39d 10 Stcant of 75' 26 


So iothe Sineof 12:* ts the Sine of 42% 


{would alſo hold, As Sine 14" 34/, to Sine of 52, 


So & the Sine of 12*, tothe Sine of 424. 


7 Two Tearms whether the former or latrer in any Proportion 
being as a Sine eo a Tangent, may be varied. 


For, A! the T anzent of an Arch, To the Sine of another Arch : 

So ts the Coſecant of the latter Arch, 

To the Cotang:nt of the former. 

And by tranſpoſing the Order of the Tearm. 

Art a Sine, ToaT angemt : 

So the Corangent of the latter Arch, 

To the Coſecant of the former. 
This will be afterwards uſed -in-working Proportions on the In- 
ſtrument, and there Inſtances ſhall be given of it. 


8. Laſtly, Obſerve that if 4 Tearms or Numbers arePropor- 
tional, their Order may be fo tranſpoſed, that each of 
;** thoſe Tearms may be the laſt in Proportion; and ſo of any 
- 4 Proportional Tearms, if there be given,the other that is 
unknown may be found, Thus, 
Als firſt ts ſecond:.: So thirdto fourth, 
A ſecond to the firſt :: So the fourth to the third : 
A the third to the fourth :, So the firſt to the ſecond. - 
As the fourth, To the third:: So the ſtcond, To the firſt. 


L 2 Caſes 


70. pat Vo eata? | 
Caſes of Oblique Spherical Triangles. 


1, DF" Wo Sides together leſs then a Semicircle with the Angle 
- comprehended given to find one of the other Angles; 

At two Operations they may be both found by a Proportion de 

monſtrated in the late Trigonometry of the Learned Mr Owghtred. 


eA's the Sixe of half the ſum of the ſides, 

To Cotangent of half the contained angle : 

So the fine of half the difference of the ſides, 

To the Tangent of half the difference of the other angles. 


Again, 
es the Cofene of half the ſum of the ſides, a:1''y 
To Cotangent of half the comained angle : ' x 
Ss the Coſine of half the difference of the fides, 
To the T angent of half rhe ſum of the other angles: * -. 


16 #8 4 


. 


Add the half d ference to the half far;and you have the greater 
Arle ; but ſubftraRed from it,and thereremdtns the lefer angle. 

If the ſurn of the two given'Sides exceeds a Semicircle, "the Op- 
poſite Triangle, muſt be reſolved inftead of that propounded. 


Here note that evey Spherical Triangle hath oppoſite to each 
angular Point,another Triangle, having the ſide that ſubtends 
the ſaid Angle common to both , and the angle oppoſite 
thereto equa], the other parts of it are the Complements of 
the ſeveral parts of the former to a Semicircle. 


So if it the Triangle B C D there were given the ſiJes BC, and 
C D with their contained Angle BCD to find the Angle CBD 
becauſe theſe two ſides are greater then a Semicircle, reſolve rhe 
oppoſite Triangle C A D, in which there will be given C A,which 


may be the Complemeat of the Latitude 38" 28 , and C Drhe 
: Compie-: 


ge 


ed, 


"1" 9 ww 
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Complement of the Altitude $3* with theangle A C D, the Suns 
_ from the North 73! to find the angle CAD the hour 
from Noon, 


121 : 28/ ſum 
60: 44 half fum Logarichms Logarith . 


44 : 32 difference 
22 : 16 difference, Sine 957854 Coline—996634 
36: 30 halt the Angle 
53 : 30 Complement, Tang: 1013079 Idem—101 3079 
1970933 2009713 
Sine of 60" 44/ half ſum 994069 Coline ' 968919 
Tang: of 30' 24{;—— <=—976864tan 68 '39/ 1040794 
Sum 99: 3 hour, in Time 36/ before 6in the morning, 
or as much after it in the afternoon, 
difference 38' 15” Angle of © poſition, 


2, T'vo Angles together leſs then a Semicircle with the ſide 
be: teen them alizs,the Interjagent ſide, T « find one of 

the other fades. Wes 

This is but the Converſe of che former to be performed "ON h 


- 
- 
e 


v& © 
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Operations to get them both, and the Propertion thence applye 
by changing the ſides into Angles. | "__ 


As the Sine of the balf ſum of the angles, 
To the Sine of half their difference : 
So #5 the T angent of half the interjacent ſide, 


 TatbeT a"gent of half the difference of the «ther ſfialer. 


Again. 
As th: Cofenc of the half ſum of rbe an;les, 
To the Tangent of balf the interjacent ſide : 
So the Cafgp of half their difference, 
To the T angent of the half ſum of the other fades. 


If half the difference of the ſides be added to halfthe ſum of the 
— it makes the greater ſide ; but ſubſtraRed from it, leaves the 
leſſer. Y 

If the Sum of the two given Angles exceeds a Semicircle,then,as « 
in the former Caſe, reſolye the Oppoſice Triangle. - 


So in the Triangle Z P © if there were given the angle © ZP, 
the Suns Azimuth From the North 634 54/, and the hour from ZP 
© 165' intime 5 in the morning,or 7in the evening, und the Com- 
p'ement of the Latitude Z P 38* 28, to find rhe Complement of 
che de Z © 80* 31/, or the Complement of the Declination 


© F 66' 29/,two Operations finds botb,and neither with leſs. 
Angle 
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\ogle Z P ©—1057, 09? \ Example. 
PZO-—63: 54 

diferevce——- 41' & 

baif difference—- 20 : 33 Sine—954533 Coſine 997144 

half the fide ZP— 19: 14 Tang— 954268 Idem 95 426$- 


Snm of the — 168:54 1908801 195 1412 
balf fm —— — 84:27 Sine— 999796 Coline 898549 
Tavget:t——7.: 1  gogooyt473'30/ 1052863 
73: 50 ———— 

Sum- ——— $0 31 thegremer ſideZ © 


Difference — <6 29+ the leſſer fide © P* 


5; Two ſides with an Angle oppoſite to one of them giveny 
To find the Angle oppolſke to the other, .izs Aﬀecion being. 
fore- known. 


As the Sine of the fide oppoſite to the ang te given 
11 ro the Sine of its Oppoſite angle : 

\ $o us the ſine of the ſide oppoſite 10 the angle ſought, 
To the ſine of its oppoſur angle. 


Here note, that the ſame Sine is common toan Arch, and to'irs: 
Complement to 180, if che Angle ſought be foreknown to 
be Obruſe, ſubltrat the Arch foundfrom 180' and there re- 
mains the angie ſought, 


E x«ample. 


Sd in the former Triangle, ifthere were glven the ſide © P 66* 
29 the Complement of the Declination with irs oppoſice angle 
PZ © 63! 54, the Suns Azimuth from the'North, and the fide 
Z ©, the Complement of the © Altitude 80 31/,the Angle Z-P © 
the hour from Noon would be found to be x05 . 


Sine 
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Sine 63' 54/—— 995329 
80 31 ——999402_ 
1994731 
Sine 66' 29/-—— 9906234 

Sine 75*>——— 998497 | 
The Complement of 75* is the angle ſought, being 1054,a0d ſo 
much is the hour from Noon, | 


In ſome Caſes the Aﬀe®tion of the anglt ſonght cannit be deter- 
mined from What is given ; 
Such Caſes are, 

When the given Angle is Acute, and the oppoſite Side leſs then 
a Quadrant , and the adjacent or other Side greater then the op- 
poſite Side, and its Complement to a Semicircle alſo greater then 
te oppoſice Side. 

Alſo when the given Angle is Obtuſe , and the oppoſite Side 
greater then a Quadrant, and alſo greater then the other ſide, 
and preater then the Complement of the ſaid other Side to a Se- 
micircle. 

In all other Caſes the AﬀeRion of the Angle ſought may be de- 
termined from what is given ; in theſe it cannot without the help 
of the third ſide (or ſomething elſe given) 

Where Caſes are thus doubcful , there can be but a double an- 
fwer, and both true; wherefore find the Acute Angle and its 
Complement to 180' and the like anſwer give in Caſe 4 *, 5 *, 6", 
7 and 8 following. 


4, Two Angles with a Side oppoſite to one of them being gi- 
ven, To find the Side oppolite co the other, its Aﬀection 
being foreknown. 


As the Sine of the angle oppoſite to the given fide, 
1s to the Sine of the gryen Side : 
So #s the Sine of the angle oppoſite to the (ide ſought, 
To the Sine of the ſide ſonwght. _ 
If the ſide ſought be foreknown to be Obtuſe, the Complement 
of che Ark found v0 180 will be the ſide ſought. 
Exampl:. 
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Example. 


So in the former — if there were given the angle at Z the 
Suns Azimuth from the North 63* 54/,and che Complement of the 
Suvs Declination © P 66* 29/ wich the hour from Noon ZP © to 
fiad the Side Z © the Complement of the Sans Altitude, it would 
be found to be 8o* 3 1/, and the Altitude it ſelf 9* 29/. 
Sine 66*29/ 9963234 
Sine 105 that is of 75 is- 998497 


— ——— 


Sine 63*-54/ wa 095329 


Sine 80 31/ 999402 


In ſome Cauſes the AﬀeBiion of the Side ſonght can't be deter- 
mined from What is given ; 


Such Caſes are, 


Whea the given Angle is Acute, and the oppoſite Side leſs then 
a Quadrant, and the other Angle greater then the former ge. 
and - -- <w—_ eo Semicircle alſo greater then the ſaid for- 
mer Angle. 

Alſo when the given Angle is Obtuſe , and the oppoſite Side 
greater then a Quadrant, the other Aogle being leſs then this Ans 
gle, and irs Complement to a Semicircle alſo leſs then this Angle: 

What S=://j«4 hath ſpoke concerning theſe doubts, is in ſome 
Caſes falſe, in ochers impertinent, however I conceive not that 
Learned Author miſtakes, but the Superviſors after bis death. 

In all other Caſes the determination is certain,as may be bercaf- 
after ſhewed. 


$- T Wo fides with an Angle oppoſite to one of them being gives, 
To find the third fide, the kind of the angle oppofire 10 the other 


fide bring farthyown. 
M Firſt 


8: Caſerof Sphorical Triangles, 

Firk find the Angle oppoſite to the other fide by 3' Caſe, and 
then you have two Sides and their oppoſite Angles. 

To find the tbird ſide by the Inverſe of either of the Pcoporti- 
ons uſed in the 2*Caſe, the former will be, 


As the Sine of half the aifference of the angler given, 
To tanfent of half thr difference of the ſues given : 
So « the fine of half the ſu of thoſe angles, 

To the tangent of half the ſide rao 


In the latter Caſe, if the ſum of the given Angles exceed a Se 
micircle, the oppoſite Triangle mult be reſolved. 


Example. 


If in the former Triangle there were given the ſide © P, the 
Complement of the Declination 66 29/ and angle ©Z P,the Azi- 
muth from the North 634 54/ with the fide Z P, the Complement 
of the Latitude 38' 28/, co find the ſide © Z, the Complement of 
the Suns Altitude on the Propoſed Azimuth : The firft Operation 
will be to find the Suns angle of Poſition Z © P 37% 32/, which is 
always Acute when the Sun or Stars do not come to the Meridian 
.berween the Zenith and the elevated Pole. 

' The ſaid angle being found by the former DireRions, we pro- 
ceed to the ſecond Operation. 


Sides : > ifference 28" 1/ half 14% o&/ 30” Tang—939705 


Aongles - - Sum 101* 26, half 50* 43 Sine— 988875 
R—_— _. 1928586 
26 22 difference, kalf 13%11/ Sine 935806 


T tof 40% 15/7 30/7 ———992774 
doubled is $0' 31/ the fide ſought being 
the Complement of the Suns Altitude, Q 


6, Two 


Angle ſought. 
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6. T wo ſides With an angle oppoſite to one of them being given, 
To find the angle included, or between thum, the Mt of the 
oppoſite to the other ſide being foreknoWn. 


Fuft find the angle Oppoſite to the other ſide by 3' Caſe, and 
then we have two aogles and their oppoſite [ides co find the other 
angle, by the Inverſe of either of the Proportions uſed ia the ficft 
Caſe, the former will be, 


As the ſine of bal'e the diffcrense of the fades, 
To the T angent of halfe the &fference of tie angles : 
So is the fine of halfe the ſum o the ſides, 
To the Cotangent of balf the angle r:q iired ; That is, to the Tan» 
gent of an Ark, whoſe Complement is half the angle inquired. 
If the ſum of the given ſides b2 more then a Semicircle, in the 
reſolution of this latter Caſe reſolve the Oppolice Triangle. 


Example. 


In the former Triangle gizen © P Comple: Declination 66' 29/ 
Z P Comple: Latitude—- 38 28 
Angle © Z P the Azimuth—63 54 

To find the hour Z P © — 105 
The firſt operation wil find the angle of Poſition as before 37d 32 

The ſecond Operation. 

half difference of the given angles 134 11» Tangent— 936966 
half ſum of the ſide——— 52, 28, 30 Stue——— 989931 


— —— 


1926897 
— 938393 


half difference of the fides 14d 09/ 3o\\ Sine 


© —————— 


Tangent 374 30' ——— 988504 
Comple: is 52 30 doubled makes 1054, che 


M2 ' 7That 
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» T wo eAngler with te to one of them bring oiven. 
To fad che ehied pl atss bar oro paſts _ or 
Angle bring foreknown. 


Firft find the ſide oppoſiteto the other Angle by 4* Caſe, 

And then we have two angles, and their oppoſite ſides to find 
the third angle; by tranſpoſing the order of cither of the Proporti. 
ons uſed in the firſt Caſe, the latter will be, 

As the Cofone of halfe the difference of the ſides, 

To the T angent of , halfe the ſum of the angles : 

So the Coſine of halfe the ſnm of the ſider, 

To the Cotangent of half the contained angle. 


bs, The ſecond Operation. 
half fur of the angles —714 1& Tan 


 Bet———— 1046963 
elf fon of the lides —59d29/ 30" Sine Compl:— 970558 


half difference of the ſides 21d1* 30" Coline___ 327752! 


Tangent 58' z' ———_— 
jy _ "gy III 

Comp): 31' 57' doubled is 63 54'the angle ſonghe. T* 

8. Two 
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8, Two angles with a fide Oppoſite to ont of th'm bring gives, 
T o find the Inter jacent fide, the kind of the fide oppoſite to the 
other angle being fore known. 


Firſt find the ſide oppoſite to the other angle by/4 Caſe, 
And then you have two ſides, and their oppoſite angle given to 
find the 3 fide by, tranpoling the Ocder;of either of the Proporti- 
ons uſed in the 2% Caſe, the latter will be, | 


As the Cofin? of halfe the difference of rhe tWvo angles, 
To the tangent of haife the (um of the tws ſides: 

So the Coſine of halfe the ſum of the two given angles, 
To the Tangent of halfe the third fade. 


d 


Example. : 
In the former Triangle given the Hour angle at Þ 105* oo 
Azimuth angleatZ ;63 54 
 Compl Alcitude Side Z © $0 31 
To find the Comp). of che 
Latitude the ſideZP 38 28 
The fic Operation will findthe ſideP © 66' 29/ 


Second Operation. 
halfche ſum of the two ſides 7343 Tangent 1052889 
half the ſum of the two angles 84 27 Coline 898549 


1951388 
half the difference ofthe two angles 20! 337 Coline 997144 
Tangent of 194 14/ —— 954244 


Doubled is 38 28 the ſide ſought 


Theſe 6 laſt precedent Caſes may b: called theDoubtfulCaſes,becauſe 
that three given terms are not ſufficicut Data ro find one ſingle an- 
ſwer without the quality of a fourth, which is demonſtrated by Cla- 
vius, #s Theodoſium, aud ſeeing it paſſes without due cantion in onur 

Engliſh Books, 1 ſhall inſert ts from him: 3 
$ 
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A 
th 


BR D C 


row AD and AC be two equal ſides including the angle D AC, 
and both of them leſs or greater then a Quadrant. 

Draw through the Points CandD, the arch of « great Circle 
C D,continue it,and draw thereunto anether Arch or Side from A, 
namely A B, neither through the Poles of the Arch CD, nor 
through the Poles of the Arch A D, ſo that the angles B ard B A D 
may not be right angles, nor the angle A D B, if then each of theſe 
ſides AD AC be leſs then a Quadrant, the rwoangles C, and 
ADCwill be Acute; and if theſe Arks be. greater reſpeRively 
then a Quadrant, the ewo angles C and A D C, will be Obtuſe, 
whence it comes to paſs that the angle A D 8 is Obtuſe, when rhe 
angle A D Cis Acute, and the contrary : Now foraſmuch as the 
ſides ACand AD are equal to each other, the other Data, viz. 
the fide A B, and cbe angle at Bare common to both, for in each 
Triangle AB D, and A B C there is given two ſides with the angle 
at B oppoſice co one of them ; Now this is not ſufficient Dats to 

find the angle oppoſite to the other ſide, which may be eithe: the 
acute angle at C,or the Obtuſe angle ADB the Complement the: e- 
of to aSemicircle : Nor to find the third fide,which may be either 
BD, or the whole fide B C, nor the angle included, which may be 
eicher B A D,or B'A C,therefore in theſe 3Caſes we have required 
the quality of the angle oppoſite to the other given fide A B, and 
though it be not ſo much obſerved; inthe other Trigonomerry, by 
Perpendiculars let fall, without the knowledge of the ſaid angle it 
could not be determined whether chePerpendicular wovld fall with 
inor withont the Triangle,nor whether che angle found in the firft 
Caſe be the ching ſought, or its Complement ro 180', nor whe- 
ther the angles or Segments found by 1 agd 24 Operatien in the 


othec 


- 
- 


>, - WW wo 


Cafes of Spherical Triangles, 37 
other Caſes are to be added together, or ſubtracted from each 0- 
ther, to obtain the ſide or angle ſought. 

So alſo two angles with a ſide oppoſite to one of them, are not 
ſufficient Dara to obtain a fourth thing in the ſaid Triangle, with- 
out the affection of the ſide oppoſite to the other given angle. 


8 EtABandA C be two unequal ſides containing the angle 
B A'C both together equal to 8 Semicircle one being greater, 
the other leſs then a Quadrant Dcaw through the Points B and C, 
the arch of a great Circle B C, continue it, and draw thereto from 
A another fide AD;bar not through the Poles of AC,nor _ 
the Poles of B C,fo that the angles D and C A D may not be right 
angles, nor the angle A C Da right ; for if it were a right 
angle,the angle ABC whereteit is-c948), ſhould be- alſo a righc 
angle, and ſo the two ſides A Band A C, by reaſon of their righe 
angles at B and C ſhould be equa}; an# be ants contrary tO 
the Suppoſition z Now the angles ACDand ABC being equal, 
which is thus proved : Suppoſe the two fides A Band BD to be 
continued to a Semicircle at E, then will the faid angle be equal 
to its oppoſite angleat B, the fide A C by ſuppoſition is equal to 
the ſide A E, the Complement of the ſide' A B to a Semicircle, but 
equal ſides ſubtend equa} angles;therefore the angle at C is equal to 
the angle at B or at E, which being admitted retaining the ſide A 
D and angle at D, we have another ang]e oppoſite thereto, either 
C or B, which are equal and common to both Triangles, and ſo if 
the ſide oppoſite to the given angleav D: were ſaught, a. dayb'e 
anſwer ſhould be given; either the: fide A©,orthe other ſide AB 
its Complement to 180', and the intexjacene fide might be C Dor 
B D,and the third angle the leſſer angle C A D,or the greater B A 
D,which is not commonly animadverted. T we 


$8 Caſes of - Sp' arical T, rlangles. 
Two Sidet with thee Angle comprebended, to find the 
third Side. 


That the former Caſes might 'be reſolved without the help of 
Perpendiculars,hath been long ſince hinted by Mr Gunter, Mr Spei- 
acl, and Mr Gellibraxd, but fo obſcurely that I ſuppoſe lictle notice 
was taken thereof; but this Caſe hath not hitherto been reſolved 
by any man, to my knowledge, under two Operations with a Per» 
pendicular let fall, working by Logarichms, unleſs by Mulciplica- 
tion and Diviſion in the natural Numbers, which being the onely 
Caſe lefe wherein we are to uſe Perpeodiculars, I (hall ſhew how 
co ſhun both, withthe joynt uſe of the Natura)Jand Logarichmical 
Tables, by a novel Proportion of my own, aad illuftrate the uſe» 
fulneſs thereof by ſome Examples, 


T Wo Sides with the Angle comprehended,to find 3* Side. 


As the Cube of the Radina, 
To the Reftangle of the Sines of the comprehending fides : 
So is the Square of the Sine of half the angle comained, 
To half the difference of the Verſed fines of the third fide, 
. and of the «Ark, of difference between the rwo including fudes, 


Which half difference doubled, and added to the Verſed Sine of 
the difference of the Leggs or containing ſides, gives the Verſed 
Sine of the ſide ſought. 

Andif you will make the third Tearm the Square of the Sine of 
half the Com of the contained angle to 180, you will 
find the half difference of the Verſed Sines of the third fide, and 
of the fam of the two including ſides to be doubled and ſubftraR. 
ed from the Verſed Sine of the ſaid ſum. | 


But to apply the former to Logarithms. 


Double the Logarithmical-Sine of balfthe angle given, & there- 
to adde the Logarithms of thie/fines of the cagtaining Sides,& from 
thelefe hand of the Sum,SubfiraR 3 for the Cube of the Radius,ſo 
= che Logarithm of balf the difference of choſe twoVerſed Foes 

Yes 


_- — —_— Y- i 
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And if inſtead of the ſecond Tearm be taken into the Proportion, 
the double of the ReRangle of the Sines of the containing Sides ; 
that is, if che Logarichm oof the Number z be added to the Logm of 
the other middle Tearms, you will have the Logarithna of the whole 
Difference in the laſt place; having found it, rake the Number 
chat ſtands againf ir, either in the Natural Sines or Tangents, and 
accordingly add it to the Natural Verſed Sine of the Difference of 
the Leggs , and the ſumme is the natural Verſed Sine of the ſide 
ſought. 
his is the Inverſe of the 4 * Axiom, uſed when 3 ſides are given 
to find an angle, and wil! be of great uſe to Calculate the D.ſtances 
of Stars by having theirDeclinations and right Aſcenfions,or Longi. 
tudes and Latitudes given,by means whereof the Alticudes of ewo of 
them,or of the Sun with the difference of time,or Azimuth, being ob. 
ſerved at any time off theMeridian,theLaticude may be found, as alſo 
for Calculating che diſtances of places in the Arch of a great Circle, 
all of them Propoſitions of good uſe in Navigation ; as for the lat. 
ter it hath hitherto been delivered in our Engliſh Books donbefully, 
erroneouſly , or not ſuſliciently for all Caſes , che Rules delivered 
being only true in ſome Caſes, and doubtful in moſt, not determi- 
ning whether che ſide ſought be greater or ſeſs then a Quadranr. 

The Reader may obſerve how neceſſary it is to have ſuch Tables, 
as have the natural Sines and Verſed Sines, cc. ftanding apaioſt 
the Logarithmical Sines, for this and other following Proportions 
diſcovered by my ſelf for the eafie ca{culating a Table of hours and 
Azimuths to all Altitudes, as alſo a I ables of Alcitudes to all hours; 
but as yet there are none ſuch made as have the Verſed Sines , bur 
will in due time be added to Mr. Gelsbrands Tables ; in rhe interim 
it may be noted , that che Reſidue of the Natural Sine of an Ark 
from Radius called its Arichmetical Complement, is the Vesſed Sine 
of that Arks Complement ; thus the natural Sine of 46" is 6427876 
ſubftraced from Ridius, refts 3572124, the Verſed Sine of 50d. 
And for Arks above 904d we need no natural Verſed Sines , becauſe 
the natural Sine of any Arks exceſs above god added to the Radius 
is equal to the Verſed Sine of the ſaid Ark , thus the Sine of 404 
augmented by the Radius is equal to the Verſed Sine of 130dand is 


16427876 
N Example . 
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Example of this Caſe. 


In the Triangle © Z P let there be given the ſide © Z, the Com. 
plement of the Altitude 70d 53” and the fide Z P the Complement 
ef the Latitude 384 28" with the angle © Z P 1454 the Sung 
Azimuth 'from the North, to find the ſide © P, the Suns diftance 
from the Elevated Pole. | 


90 


Sine 38d 28” 97938317 
Sine 7O F3 99753646 
Sine 72 30Log"dobled 199588390 


Natural Sine againft ,, 97280 52 
ic doubled is —_— Þ hes 
Natural V Sine of 32d 25” the 


difference of the ris, Fin 1558280 


The Verſed Sine of 103d the —1 2250244 
ſide ſought, and therefore the Sun hath 13d of South decli- 
nation, 
Another E xamplt of this Caſe for Calculating the Suns 
Altitude on all bours. 


Ai the Cube of the Ratins , To the double of the Retangle of the Co 
fones, both of the Latitude, an4 of the Suns declination, 
Sou the Square of the Sint of balf the hour from noon, 
To the difference of the Sines of the Suns Meridian Altitude, and.of 
 , the Altitade ſoughts 


This Canon will finde two Altitudes at one Operation , and 4 
ve 


nt 


ce 


ww 1 0 QA w 
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have very ſirtle trouble io it , the double ReRangle, that is the ſe- 
cond tearm of the Proportion, being fixed for that Declination, 
Add the Logarithms of the Number two , and of the Coſines of 
the Dclination and Latirude together the ſum may be called the 
fixed Logarithm, | 
Double the Logarichm of the Sine of half the hour from noon, 
and add it to the fixed Logarichm the ſum rejeRing z towards the 
left hand, for che Cube of the Radius is the Logarichm of the diffe- 
rence : Take the natural Sine that ſtands againft it, and ſubfiraR ir 
from the natural Sine of the Meridian Altitude , both for the Win- 
terand Suramer Declination, and chere remains the natural Sines of 


- the Alritudes ſought. 


If this difference cannot be ſubſtraRed from the Sine of the Me- 
ridian Alticude, it argues the Sun hath no Altitude above the Ho- 
rizon in this Caſe ſubſtraRt that from this, and there will remain the 
Natural Sine of the Suns Altitude for the like hour from midnighe 
in Summer. 

Example. 


Let it be required to Calculate the Suns Altitude when he hath 
2314 31” both of North and South Declination for our Latitude of 
London at 2 and 5 a Clock in the afternoon , or which is all one for 
the hours of 10 and 7 in the morning, 


Sine 384 28" Compl Latitude- ——97938317 
Sine of 66 29” Cempl Declination 99623428 
Logarithm ef Number 2 is — 03010309 


Fixed Number. ———- 2005 72045 
Logm of Sine of 154, doubled —188259924 


88831 96g. 


Neareſt natural Sine againſt it, 761902— 
614 59" Summer Meridian Altitude 
Nacural Sine 8828110 

Subftrat ——761900 the diFerence before found 


Reſts ——- —$066210 the natural Sine of 534 46* che 


N 2 Sum- 


623 * Caſes of Spherical T rlangles, 
Sanimer Alritude for the hours of 10 and 2 _ 

144 57” Winter Metidian Altitude Nat Sine—2579760 
Subftra& che former difference ——761900 


— 


Reſts the Natural Sine of 1c* 275” the —— — 1817g60 
Winter Altitude for the hours of two and tens 


T he ſame day for the Altitude of 5 and 7. 


Fixed number — 200572045 
Sine of 374 30" Logm doubled —— 195688942 


; Natural Sine againſt it 4226183 __ 96 260987 
Winter Meridian Altitade,as before Sine 2579760 


Refts-——1646423 the natural Sine 
of 99 29" Summer Altitude for 5 in the morning, or 7 in the 


evening. Natural Sine. 
Sammer Meridian Altitude, as befor 8828110 
The former difference . —4226183 


—_m—m—_ 


Refts the Natural Sine of 274 24" -————4681927 
The Sammer Altitude for 7 in the morning, 'or 5 in the after» 
noon. 


* 


The former Caſe may alſo be performed at two Operations by help of 
a Perpendicular / uppo/ed > —opny the help of Natural 
T, 


les. 
1. Tf both Sides are equa], 
As the Radizs, To the fine of the Common fide : 
Sv the Sint of half rhe Angle, To the Sine of half the fide ſonght. 


2. Tf one of the ſides be a Quadrant ;this by continving the other 
fide to a Quadran(ss ſhall afrerwards be ſhewed)wil become aCaſe 
of right angled Sphcericala Triangles , in which beſides the righe 
angle , "inſtead 6f the qu dratiea fide there" wi iv dy: 

its adjacent angle to find the right an- 
gled Sphcerical Triangles ; and ſo if che angle included were gobir 
wou 


Ct 
i4/ of 
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would be aCaſe of right angled Spharrical Triangles,in which beſides 
the right angle,there would be given both the Leggs or Sides to find 
the Hiporenuſal. 

3. In all other Cafes one or both of the including Sides being leſs 
then Quadrants, it will hold, 

eA the Radina, To the Coſine of the angle included : 

So the tangent of the leſſer fide, To the tangent of a fourth Ark, 

If the angle included, be leſs then !9c*4 fubſtraRt the 4" Ark from 
the other fide ; but if it be more ſrom the other ſides Comple- 
ment to 180*, The remainder is called the Reſidual Ark. 

" Then, eAsthe Coſine of the 4" Ark, To the Coſine of the Ark re 
MmMAININF : 

So the Cofene of the Iefſer ſide, To the Co/ine of the ſide ſought. 

The ſide ſought may be greater then a Quacrant,and ſo be doubt- 
full, but we may determine, 

That when the are of the ſame kind, andthe angle com- 
prehended Acute, the ſide ſought is leſs then a Quadrant. 

And when the Leggs or containing Sides are of a different kind, 
and the angle comprehended Obtuſe,the ſide ſought is greater then 
a Quadrant. | 

Or it may be determined from the affeflion of the Refidual Ark 
A in all ( aſes. 


When the contained angle is acute, and the reſidual Ark more 
then g9c#, or when thE fold angle is Obtuſe , andthe reſidual Ark 
leſs then a Quadrant, the ſide ſought is greater tben a Quadrant, in 
alt other Caſes leſs, 


Example. 


94. Caſts of Spherical Triangles. 
Example, LY 

In the Triangle © Z P, let there be given Z P, and © Z with the 

angleatZ, co find the fide © P, the Suns diftance from the Eleva- 

ted-Pole. 


onple included 145% Logm 

Oc, 35 Comp! 554 Sine 99133645 
Tangent of 38 28 lefler ſide 99000865 
Tavgent $35 8 _ 98134510 


Compl © P to 180%is 109 7 6x64 Uh 


—— 


The Ark remaining or differ: 76' 4” Cofine—— 93$16434- 
Leſſer ſide—51 32 Coſline —— 98937452 


192753886 
Ark found—33* 3* Cofine -— 99233450 
Sine 13 —- 93520436 


 — ——— 


The Complement hereof 774 ſhould be the fide fought , but be- 
cauſe theangle was Obtuſe , and the reſidual Ark leſs then a Qua- 
drant, the ſide ſought is greater , and therefore 103d the Comple- 
ment hereof is the ſide ſought. 

This Caſe & che Converſe of it being the next Caſe,] have thus ſet- 
led to apply the toLogarichmical Tables only,inCaic the natural ones 
were wanting, being all che other Caſes are thereto ficted;; and 
the trouble about the Cadence of a Perpendicular is bere ' Bana, | 
without ſo much as the name of ir ; ſo may it be done in all the reft 
of the Oblique Caſes, which I had ſo fitted up for my own uſe ; bur 
forbear to trouble the Reader with them, apprehending theſe ro be 
betcer, and that he would nor willingly Calculate for a portion of an 
angle, or a Segment of a Side, in order to the finding out the thing 
ſought, when with as lictle tronble he may come by it, and yer Cal- 
culate always either for a ſide or an angle, one of the ſix principal 
parts of the Triangle. 


Otherwiſe for Inſtruments. 


As the Diameter, To the difference of the Verſed Sines of the ſum, and 
of the difference of av.y rwo ſides, including an Angle. 


Or 


Caſer of Spharical Triangles, 9s 
Or, 
At 4 Coſicant of one of the including Sides, 71 to the Sine of the ather 
'T 


$1 ts the Verſed Sine of the angle included. 

To the difference of the Ver/ed Sines of the Ark of difference between the 
7'vo including Sides, and of the third fid: /anght , Which difference 

added co the Verſed Sine of the difference of the Leggs, makes the 

Verſed Sine of the ſide ſought, 

And ſo us the Verſed Sint of the contained angl 5 Complement to 180d 
T the difference of th: Verſed Sin 1 of the [um of the L:ggs » ani of 
the 64- ſou:;Bt, which ſubſtraRted from the Verſed Sine of che ſaid 

ſum, chere remains the Verſed ſine of the ſide ſought, 

Here note, that the ſame Verſed Sine is common to an Ark grea- 
terthen 1804, and co its Complement to 3604, So the Verled Sine 
of 200d is alſo the Verſed Sine of 1604. 

* The Proportions delivered for Inft-uments having 'uch Tables as 
fore hinted, will not be ſo unſuicable zo the Logarithms as com» 
monly reputed 


Example for ('4culating the diſt.ince of tv» plces in the Arch 
of a great Civele , otherwiſe then actording to the geu-rat 
Cannon before delivered, 


At the Secant of one of the Laiitmdes, To the Coſine of the other, 
Se the Verſed Sint of the differe-ce of Longitude, 
To the difference of the Ver/ed Sines of theſe two Arbs, 


The one the Ark of diſtance ſought , the other the Ark of diffe- 
rence between both Latitudes, when in the ſame Hemiſphere, or the 
ſym of both Lacitudes when in different Hemiſpheres , which diffz- 
rence added to the Verſed.Sine of chis latter Ark, the ſum is the ver- 
ſed Sine of the diſtance, 

By turning the Subftraction to be made of the firſt Tearm into an 
Addition, the ewo fir Tearms of the Proportion will be, 

As the Square of the R adin, 
Tothe Reftangle of the C. fines of both the Latitudes : 

Thea for the chird Tearm being the difference of Longitude, take 
the natural Verſed Sine thereof, and ſeek thar Number ia the _ 
ral. 


X 


g6 Cafes of Spherical Triangles, 


ral Tangents, and that Logarith Tangent that ſtands _ it take 


into the Proportion inſtead of the Logarithm of the Verſed Sine pre- 
poſed. + 
eAdmit it were required to find the Diftance betweenT.ondoh ant 
Bantam, in the Arch of a great Circle, 


- Logme 
Bantam Longitude 1404 Latitude 54 40' South Coſine 9, 9978725 
London Longitude 25,50 Latitude 5 1,32 North Coſing 9, 7938317 
_ erence of Long 1144 10' Nat V Sine 14093923 equal 

rothe natural Tangent of 54d 38' ; neareſt Logm 10,1489900 


Natural Sine 8723538 apaink it 2 9940694 
Nat Verſed Sire of 57d 12' ; 4582918 
the ſum of both Latitudes c _— 
Snm—_—————13306456 the natural Verſed Sine of 


1094 18' 30” the Ark of diſtance ſought. 
Andif tothe ſaid difference, namely ——— — 38723538 
Be added the natural Verſed Sine of the difference } —— 3036695 
of both Laticudes,namely the V Sine of 43d 52' F — — —_ 
The ſum being the natural V Sine of 1004 8' 30”! is — 11760233 
the diſtance of two places, having the ſame Latitudes, and difference 
of Longitude, but are both in the ſame Hemiſphere. 

Here note, that no two places can have above 18od difference of 
Longitude , therefore in differencing the two Longitudes if the re- 
mainder be more take its Complement to 3604. 

The Complements of theſe twodiftances, namely 70d 41' 30” 
and 79d 51' 30”are the diftances of two places ot the ſame Latitudes 
conſidered as in different Hemiſpheres, their difference of Longitude 
being 65450' the Complement of the tormer,andtwo placesim a ſuch 
Polition compared with their fo; mer Poſitions may be apprehended 
ro be Diametrically oppoſite upon theGlobe,as thus, Bantam having 
5'40' South Latitude,let another place have 8s much NorthLatirude, 
the difference of Longitude between them 180d and conſequently 
ſo much their diſtance ; now whatever be the diſtance between Bau- 
zam and the third place, che Complement of it to 180d ſhall be the 
diftance between the two,other places, 


10, Two 
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10. Two angler with the Interjacent fide given, To find the 3 an- 
gle, the Pon derived from the former Caſe by changing 
the antle into ſider, = - > withont any [uct change 
ppoſed 14, | 
A's the Cube of the Radims, To the donible of the ReFtang le of the Sines 
of the two given angles : #2 
$9 is the Square of the Sine of hall the given fidt, To the difference of 
the Verſed Sines of theſe t wo Arhs,"the one is the angle ought, the ether 
the A: k of differexce between on: of the including argles, and th: Come 
plement of the oxhere? a Semicircle , which difference added to the 
Verſed Sine of this Ark gives the Verſed Sine of the angle ſought. 
How to work this by Tables need not be ſhewed after the Logm 
of the difference is gor, if it be leſs then the Radins, it may be ſought 
either in the Sines or Tangents, and the natural Sine or Tangent 
that ftands againſt it and comes neareſt taken ; but when it exceeds 
the Radius always ſeek ic in the Tangents, and take the natural Tan» 
gent that ſtands againſt ir, which difference ſo found, is to be added 
tothe Verſed Sine of the difference of the Leggs to obtain the Ver- 
ſed Sine of the angle ſought, 


OtherWiſe for T ables the common way by a ſappoſed Perpend 6 ilar 
1. If both the angles are equal, 
As the Radivs. To the Sine of the angle given: So the Coſine of half the 
given Side, To the Cofine of half the angle ſought, 


In all other Caſes not belonging to right angled Triangle 
if one or both of the given avgles be Acute, it holds, 


Ae the Radins, To Cofine of the interjacent fide : 
Ss the Tangent of the | ſer angle, | 
To the T angeint of a 4 * Ark. 

If the .interjacent ſide be more then 99' ſabſtrat the 4" Ark 
from the other angle; but if leſs then 909, ſubſtraRt the 4 " Ark from 
the other angles Complement to 189 \,noting the reſidual Ark. 


Then, A: the Coſine of the 4** Ark,, Tothe Coſine of the Ark remain» 
maining : 


Oo So 


od Caſes of Spherical Triangles, 
So the (ofnt of the Iiſſcy angle, 
To the Coſineof the ewgle ſought. 


When the interjacent fide is les then a Quadrant , and tbe reſis 
dual Ark more, or when the interjacent ſide is greater then a Qua- 
drant, and the reſidua) Ark lefs , the angle fought  Obtuſe , in all 
other Caſes Acute. 


In the Triangle © Z Þ let there be given 
F he angle of Pofition at ©—— 21* 28' 
The hour from noon angle at P—33 47 
And the ſide © P the Suns &> an 6s 


fiante from the elevated Pole 
Fo find his Azimuth the angle © Z P | 
Sine 134 the Complement of the interjacent ſide 93520880 
- Tapgent 21d 28 the lefler angle ——— 95946561 


Tangent of 5d 3'—————-—— — 89467441 
The other angle—33 47 


——— being ws 28 44 Coſine 09429335 
Leſſer avgle— ——21 28 Coſine— — — 99687773 


199117108 
Ark firft foand —— 5* 3' Cofine-—— —-—99983 109 


Site SHA ———— Cs — 99133999. 
The 
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| The Complement whereof 354 in this Caſe is noe the angle ſought, 
bar the reſidue hereof from a Semicircle 145dis the angle ſought be- 
iog Obcuſe, becauſe the interjacent ſide is greater then a Quadrant, 
= the reſidual Ark leſs ; the reſidual Ark in Operation if preater 
then a Quadrant, takeirs Complewent to 180d, becauſe there are 
no Sines to Arks above a Quadrant , and then the Complement of 
this Ark to go* is the Complement of the reſidual Ark the Sine 
whereof muft be taken for the Cofine of the reſidual Arke. 


Osherwiſe for Inſtrumesn's, 


es the Diameter, Tothe difference of the Verſed Siver of the ſum and 
difference of the two including angler, Or, 

As the Coſecant of one of thoſe angles , 1s to the Sine of the othey, 

So the Verſed Sine of the interjacent ſide, | 

To the difference of the Verſed Sine of an Ark left by ſubſtrating one of 
the including angles from th:C:mplement of t e other to a Samicirele, 
and of the angle ſought , which difference added co the Verſed Sine 

of the ſaid Ark, gives the Verſed Sine of the angle ſought, 

And ſois the Verſed Sine of che interjacent ſides Complement to 
1804, Tothe difference of the Verſed Sines of an Ark made by ad- 
ding one of the including angles to the Complement of the other ro 
a Semicircle, and of the angle ſoughe , which ſubſtra&ed from the 
ty Sine of the ſaid Ark , leaves the verſed fine of the ang'e 
ſoughr. 

. 11. Three Sid s to find an Angle, +» 


The two ſides including the angle ſought are called Legps, 
and the third ſide che 55 * 


As the Reflangle or Produtt of the Sine: of the half ſum of the three ſides 
and of the difference of the Baſe therefrom. 

1; to the Square of the R atius : 

So is the Reflangle of the ſines of the differences of the L:gg' ſrom the 
ſaid half ſum, 

To che Square of the Tangent of half the angle ſunght. 


And by chaogiog the third Tearm into the place of the firſt, p 
O 3 s 


'3CO . [Caſes of Spherical Triangles. 
As the Reftangle of the Sines of the differences of 1be Leggs from the 
half ſum of the I ſides, © 

Ts to the Square of th: R dis : 

So the Reflangle of the Sines of the half ſum of the three {6 'es, and of the 
difference of the Vaſe therefrom, , 

To the Square of the T angent of an Ark,, Whoſe Complement doubled is 
the angle ſought , or this Ark doubled is che Complement of the 

angle ſought to 1804, or it might be expreſſed, 7 o he Square of 

the Cotanyent of kalf the angle ſought. 


Otherways in Sines. 


eAs rhe Reflaygle of the Sines of the cont$.51rg Sides or Leggs, 

1s to the Square of th: Radins ; 

So the Reft.n;leo the Sin s of the d ſerences of the Leggs frem the half 
ſum of the three ſites, 

T : the Square of the Sine of half the argle ſought. 


Or the Coſine may be found. 


As the Retingle of the Sines of the containing fo les, 
Js ro the Square of the R adins : 
So rhe Rettangle of rhe Sines 0* the hal” ſum of the 3 ſides, an4 of the 
 6iffereme of the Baſe therefrom, Os, 
To the Square 6f th: Coſine of half the angle ſoug/t. ; 

Theſe two latter Proportions are demonſtrated in the Treatiſes of 
the Lord N.pirr, Mr Ough:red, Mc Norwood, and are thoſe from 
whecce I ſhall educe the Demonſtrations of the ret. 


To work the third Proportion that finds the Square ef the Sine 
| of half the angle. 


To the Arithmetical Complements of the Logarichms of the ſines 
of the containing Sides or Leggs add the Logarichmical Sines of the 
differences of the ſaid Leggs from the half ſum of the three Sides, the 
haif ſum of theſe four Numbers will be the Logarichm of the ſine of 
balfthe angle ſought; | 


In 


. Caſes of Spherical Triangles. ror 


In the Triangle © Z P, Date, the three Sides to find the angle a 
P the hour from noon, 


8od 31 Baſe 


66 52 >Leggs — Ar comp , 0376572 
38 28 — Ar comp ,20616E3 
Sum—185.28 difference of the Leggs{ 26'15' Sine 9,6457058 


half- 92 44 from balf ſum -—-{ 54,16 Sine 9, 9094190 
Sum ——19, 7989503 
Sine of 524 30 half ————9, 2994751 


doubled 105, the angle a: P ſought, 
The Arithmetical Complement of a Logarichin , is the reſidne of 
that Logarithm from the next bigger [Number ,conlifting of an Unice 
and Ciphers, | 
Otherwiſe for Inſtruments. 


As the difference of the Verſed Sines of the ſum , an4 of the difference of 
any two ſid:s including an anzles 

Is to the Diameter, 

Or, 

As the fine of one of the ſai4 fides, Tothe Secant of the Complement of 
the other. 

| $647 the difference of the Verſed Sins of the third ſide, and of the Ark of 

difference between the two ixcluding ſides, 

To the Verſed Sine of the angle ſought. 

And ſo « the difference of the Ver{ed Si:es of the th rd,” axl of the ſum of 
the two including ſides, 

To the verſed Sine of the ſought angles Complement to 180, 

oo: dn GhSNw 


103 Caſes of Spherric#l-Triangles, 
I2. Three Angles to find a Side. 


The work here for the Canon or Tables, will be by changing the 
Angles into Sides , the general Rule for changing all the parts of a 
Triangle, is to draw a new _ and let the angles be wrot a- 
gainft cheir Oppoſite ſides, and thele againft thoſe , only taking the 


Complements of the greateſt Angle, and greateſt ſide oppoſed there» 


to to 1804, this for moſt convenience that the ſides or angles of the 
new framed Triangle may not be too large, and ſo cauſe recourſe to 
the Oppoſice Triangle, otherwiſe the Complements of any ſide and 
its oppoſite angle to 180d, might as well have been taken, | 


But for this Caſe, ſeeing there are only angles to be changed into 
ſides, take the Clt— of the greateſt _ to 180d and pro» 
ceed as ifthere were three ſides given to find an angle. 

— the Proportion in Verſed Sines, &«c. without any ſuch change 
will be, 

As the difference of the Yerſed Sings of the ſum, and of the difference of 
any two angles adjacent to the ſide ſanght. 
1: to the Diameter, * 
r, 


A the Sine of one of the ſaid angles, 


Is tothe Coſerant of the other : | 'T 
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$1 is the diff:rence of the Virſed Sines of th: third or Oppoſite anyple, 
and of an eArk tft by ſubſiraling one of the including angles from 
the Complement of the other to a Semicircle, 

Ta the Verſed Sine of the fide { wght. 

And ſo s the difference of the Verſed Sines of the third angle, and of a 
Ark, made by edding one of the inclu ting Angles to the Complemnt 
of the ather to a Semiciycle. 

To theVe ſed Sin: of the ſought fides Complemen' to 1807. 


Thus haviog finiſhed the Caſes, itis to be intimated chat the Pro- 
portions here uſed in Verſed Sines are variorfly demonftrated in di- 
verſe Writers, but in moſt the later part for finding the Complement 
of an angle to 180? is quire omitted, rboſe that have demonftrated 
the former part, do itin theſe rearms followiug. 


As the Reftangle of the fines of the containing 5der, 

I; to the Square of the Radius : 

$0 is the difference of the Verſed Sins of the Baſe, or thir{ Side , and 
of the Ark of difference bexween the twa inclu ling fideni, 

Totbe Verſed Sins of the angle ſought , which the Reader may ſee in 

Lanrberg, Regiomantansns, Snelice, Pitiſcus., and the learned Clar 

vis, who makes 15 Caſes, and twice as many Scheams, ro demon» 

tcate this part of it , I ſhall only ſhew how ir may be inferred from 

the common Proportions in uſe fitted ro the Tables demonſtrated by 

the Lord Napuer, Mr Onghrred, Mr. Norweed, 

We have two Proportions{delivered in ReQangles and Squares the. 
one for finding an angle, the other to find irs Complement to 1809, 
The two firſt tearms are the Proportion between the ReRangle of 
the Sipes of the containing ſides, and the Square of the Radios ; rheſe 
two tearms being divided by the Sine of one of thoſe fides, the Quo-» 
tient will be the Sine of the other, if the me Diviſor divide the 
Square of the Radius , the Quotient will be the Secant of the Com- 
plement ofthe Ark belonging to the Diviſor, becauſe, 

As the Sine of an «Arkh, To Radiua , S*14 the Rad tus, To the Se-. 
cant of that Arks Complement ; But if any comman Diviſor divide 

vny two Tearms of a Proportion, the Dividends will be Acquimulti- 

plex tothe Quotients; and theaefore by the | ents will bear ſuch 
Pcopartion each to other as the Dividends, and therefore it holds, 

& 2 Az 


ph | Caſeref Spharical Triangles: 


Ar the Reflaygle of tha Sine: of the containing ſider, 
ls to the Square of the Radini 1 

$04. th: Sine of one of thoſe ſider, 

To the Secant of the Complement of the ex *ev, 


Again, for the third Tearm, to find an angle it is propoſed, 

So is the Reftangle of the Sines of the differences of the Leg gs from the 

kalf fam 'f the three ſides. 
Or which is all one, 

$0 15 the Retangle of the Sines of the half ſum, an 1 half difference of the 
Baſe or third [i4e, and of the Ark of diffcrence between the tWvo inclu- 
aing ſid 8, 

To the Square of the Sine of half the angle ſonght, 


And foto fiad the Complement of an angle to 1804. 


So # the Reftanglt of the Sines of the half ſum of the three ſides, ant of 
the difference of the third fide or Baſe therefrom,  _ 
Or which is equivalent thereto, ' 
Ss is the ReAlangle of the Sines of the half ſum, and half difference of the 

Baſe or third fide, and of the ſum of the t'vo including fides, 

Tothe Square of the Sine of an Ark , which doubled is the Comple- 
ment of the angle ſought to 1804, or the Complement of that Arch 
to a Quadrant doubled, is the ang'e ſought. 

The former of theſe ewo expreſſions of the third Tearm of the 
Proportion, as being the more facil for memory is now retained; 
but the latter, (formerly uſed,and now rejeRted) agrees beft with the 
Proportion, as applyed to Verſed Sines, for the inferring whereof 
note, that ſuch Proportion , As the difference of two Verſed S'nes 
beareth to another Verſed Sine , the fame Proportion doth the half 
diffcrence of thoſe Verſed Sines, bear to balfthe Verſed Sine of that 
other Arch : But that is the ſame that the ReRangle of the Sines of 
the baif ſum and half difference of any two Arks doth bear to the 
- Square of the Sine of half that other Arch, which will be chus iofer- 
red , becauſe if the ſaid ReQangle and Square be both diyided by 
Radius, the two Quotients will be the half difference of the verſed 
S nes of the two Arks propoſed , and half the verſed Sine of the 4 
Arch, | That 
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That the Sines of the half.ſam atd half difference ot any two Arks 
are mean Proportionals between the Radius and the half difference 
of the Verſed Sines of thoſe Arks is demonſtrated in Mr Gellibrands 
Trigonometry in Otavo, that is, 
As the Radius, To the Sine of ha'f the ſum of any two ark: : 
So # rhe fine of half the difference of theſe two arks, | 
To half the diffe rence of the verſed fines of thoſe two arks , and there- 
fore the ſaid ReQtangle divided by Radius, the Quotient is half the 
difference of the verſed fines of thetwo Arks. 

And that the Sine of any Arch is a mean Proportional between the 
Radius and balf the verſed Sine oftwice that Arch, 

That is, 
As the Rading, Is to the fine of an Arch: 
So the ſine of that Arch, To balf the werſed fine of twice that Arch, and 
therefore the Square of th: line of any Arch divided by Ridius, the 
Quotient is the half verſed fine of twice chzt Arch; whence the Rule 
to make a Cannon of whole Logirithmical verſed fines is to rake half 
the arch propoſed, and to the Logarithm thereof doubled, or twice 
wrot down, to add the Logarithm of the number two, and f:om che 
{um to ſubſtra& the Radius. 


We have before inferred, that 

At the Reftangl: of the fines of th: containing ſides, 

I: to the Square of the Radins : 

Ss ts the ſin; of one of tho/+ fides, 

To the Secant of the Complement of the 'other , and chat by dividing 
thoſe two Plains by one of thoſe ſides ; bur if we divide the ſaid ewo 
Plains, viz. the ReRangle of che lines of the containing fides, and 
the Square of the R1dius, by the Radius as a common Diviſor , the 


- latter Quotient will be the Radius, and the former the half difference 


of the verſed fines of thoſe Arks whereof the rewo contaimng ſides 
are the half ſum and che half difference ; but thoſe Arks are found 


| by adding the half d.fference to the half ſum toger the greater, and 


ſubſtraQing ir rherefrom to pet the leſſer ; Which is no other then 

to get the ſum and difference of the ewo containing ſides; it there- 

fore holds, | 

As the Reflangle of the ſines of the containing ſides, 

lite the Square of the R ading, _ 
I 
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Or, As the ſint of one of theſe fades, | 

To the ll of the bor tl the aeher: _ < 

Ss is the half difference of the verſed ſits of the ſum and difſerence of thoſ 
two ſides to the Radins, 

And by conſequence (o is the whole difference to the Diameter, 
and this being admitted the whole Proportion in all its parts may be 
inferred from.Mr Daries Book of the Uſes of a Quadrant, where he 
demonſtrates, 

That, As the &fference of the verſed Sines of the [nm an1 aifference 

of a».y two ſides including an -ng *, 

Ts to the Diametr : 

$o 14 the difference of the verſed ſin's of the th rd fide, and of the Ark of 
difference betwien the rwo including ſiles, 

To the werſed fine of the ang'e ſ-nght, inthat Schemeir lyes, 


AstMS, ToGH: SowuwM Þ, ToHCOC. 
Ard I further add, 
eAiMS, ToGH: as before, $oirPS, To GC. 
that is, retaining the two firſt Tearms of the Proportion, the ſame 
it holds for the third and fourth Tearm. 
So t« the difference ef the v:» ſed fin's of the third ſie , and of the ſmm of 
the rwo sncluding ſides, Te the verſed ſine of the Jonght angles Com- 
plement to-189, 


New [r'm theſe Prepertions thus Demonſtrated, ave inferred theſe 
others that g ve the «nſtvir in che Squares if Tangents, in order 
nhercto obſerve, 

Thar if 4 Numbers are Pcoportional , their Squares are a'ſo Pro- 
portional (quamvir non in eadem ration? ) (0 that any three of thoſe 
Squares being given , the Square of the 4 * will be found by dire 
Proportion , and the Proportion for making a Table of | 
Tangents from the Tables of natural fines is, F- 


As the C:ſine of an Ark, To the ſine of the ſaid Ark: 
Sou the Radius, Tothe Tangent of the ſail Ark. 
lt will therefore hoſd by 22 Prop. of 6 © Book of Euclid, 
As the Square 0, the Coſ;ne of an Ark,, [4 to the Square of its fine": 
Sou the Iquare of the Radins, To the Square of its T angent, 
| Now 
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Now from the two Demenfirated Proportions for the Tables, rbe 
two-ficſt Tearms'are common to both, 4hd rherefore there is the like 
Propertion between the ewo latter Tearms of che firſt Proportion , 
and the two latter in the ſecond, as berween che rwo latter , and the 
ewo former in.cach Proportion : Now becauſe the latter P:oportion 
finds the Square of the Coline, and the former the Square 0. che Sine 
of the ſame Ark , it is inferred chat the third rearm in the latter 
Proportion, bears ſuch Proportion to the third Tearma inthe former 
Proportion , as the Square of the Coſine of an Ark, doth to the 
Square of its Sine , which is the ſame that che Square of the Radius 
bears to the Square of the Tangent ofthe ſaid Ark,it therefore holds 
when three ſides of a Spherical Triangle, are given to find an angle. 


Hs the Reftangle of the Sines of the half ſnn.of the three ſides, and of 
the differ nee of the Baſe therefrom, 

Is tothe Reflangle of the Sines of the diff -rences of the Leggs therefrom : 

So &« rhe Square A the — Yoke cage 4 

To the Square of the T angent of balf the angle ſought, and by changin 

the 2* Tearm into the ox of the firſt, vie. PEOTY 

As the Reftangle of the fines of the differences of the Lrggs from the half 
ſum of the 3 ſides, 

L te the Reftangle of rhe fines of the balf ſwm of the three ſider , and of 
the difference of the Baſe thereſrow : 

So « the Square of the Rading , To the Square of the Corangent of half 


the angle ſought. 


Theſe Proportions are publiſhed in order to their Application to 
the Serpentine Line, which will be accomodated for the ſudden ope- 
rating of any of them ; the Axioms to be remembred are not many, 
the Reader will meer with their Demonſtration and Application in 
Mr Newtrons Trigenometry now in the Preſs , and ſaid to be near fini- 
(hed : The four Proportions in plain Triangles, when three ſides 
are given to find an angle withouc the Cadence of Perpendiculars are 
democftrated in the 27 Section of the late Hiſcrllanies of Francis 
v8" Schootem. | 

The ConftruRion of diverſe Inftruments will require a Table of the 
Sans Alcitudes to the Hour and Azimuth afligned ; And forthe Acu- 


vate bounding in of che Lines , it may be a Table of Hours and Azi- 
P 2 muths 
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muchs to any Altitade aligned ; for the tafie Cileulating wheredf, 
I am deſired for the eaſe and benefit of the Trade , t6 redder'rbix' 
part of Calculation as facil as 1 can, and therefore (hall Baiidle if'the 
more largely. 


ToCalculatea T able of Howrs to all Altitudt: in all Lititmdts. 


The x. Proportion (hall be to find the Sahs Afrirnde in Suh- 
mer, or Depreſlion in Winter at the hour of 6. 


Arthe Radins, To the fine of the Lititialet 

Sos th-+ fine of the Decli#ation, To the ſine of thi Altitnle ov Depreſſion 
ſenght | 
This remtins fixed for all that day the Sins Declination ſuppoſed 

not to vary, and then it holds, 

As th: Ceſine of the Declination, To the Secant of the Laltithidt : 

' $2 51n Summey is the differ ence in wintty the [uni of the ſints of the 
Sins eAltitud: pray ojed, und of bis Al: itnde or Depreſſion at 6 

To the fine of the h:ur from 6 towards noon in Winter, 4nd it Shnimwey 
alſo, When thr given Altitude 5 greater then the Altitud! of 6, but 
when it us lefs towards midngght. 
This Proportion alſo holds tor Calculating the Hotary difſtariee of 

any Star from the Meridian. 


Is | ke manner toCalcila e the Azimitth. 


eA's the ſine of the Latilnde, To fine of the Declination « = 
$0 1 the Raditu, To the fie of the Stns Altitnde or Depreſſi i in the 
prime Vertical, that is, being Eaſt or W.F. 


| This remains fixed for one day. | 
| an , Aa the Coſine of the Altitade, To the Fang of the Lati- 
twat : 

So in Sinmer is the differiice , andin Winter the ſum of the fines of 
the Suns Alriinde propeſed and of hu Vertical Altitide af Di- 
preſſion, To the fine of the Azim ith towards noon Meridian in Win- 
ter and in Summ'r alſs, his the given eAltitude is greater then 
the Vertical Altitude or Depreſſion , but whenit it1tſt towa#ds 

Midnight Meridian, | This 


o Go 
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This Proportion is general eithur for Saf when the De- 
clinatien is.leſy. then he Lavicude ofthe þ wir, it is 107, 
ſay as before, ..: 

As tht fine of the Datitwde, T's the Fae of is Declinarion : 
So is the Rudin, Toa fourth th: Wy call ita S: cant. 


A: Cofine Altirade | Touht Tange t of the Latitudy : Yo in dtcli 
natrorlt toward: rhe Depefſ0 Polt i the Figs Pitt rewards the 
Elrontdd Poly the diffirerce of this Secant, and of the fine of the 
Sus or $ ars Altitnde, To the fint of the Azimuth from the "erti- 
cal rownrds the noon Meridinn. 


Before Application be made, the latrer part of cheſe Pro _— 
beirg of my own peculiar Invention , ind of ver ne. norm uſe bo 
| I and Inftramenidlly , it will be ne ry to demoriſtra 
the ſame 


For the Hour from the eAnalemme. 


Having in the Scheme antiexetidrawn the Equator and Hortzon, 
— two _ arm aſliog through the Center , MAP che Prime 
exo freight Lines palling through the ſs _ 
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Let 1 X_and.L M. repceſent two Parralells of Declinatidh 00 each 
ſide the Equator ,, and O Xa Partajel of the Suns: Altitude in Sum- 
mer, and Þ Q of his Depreſſion in Winter, at the hour of 6,' becauſe 
theſe Parralells peſs chrough the Interſe&tion of the Parralells of De- 
clination with the Axis. Let RS bea Parralel of Alcitude after 6, 
and T V aParralel of Altitude before ic ; from the Interſe&ions of 
cheſe Parralells of Altitude with che Parralels of Declination let fall 
Perpendiculars on he,Parralells of che Suns-Akticude or Depreffion at 
6, and then we (ball havedivers right Lined right angled Triangles 
Conftituted,in which we ſhall make uſe of the Proportion of the fines 
of angles to their oppoſice fides anAxiom'of common demonſtration. 
In che Triangie AF E, es the fone of the angle at F the Radina, 
Toits Oppoſite (ide A E, the fine of the Detlinarion ; So the fine of the 
Latitude the angle ar E to AF, the ſine of the Swns Altitude at 6. 
Again in the two Oppoſite Triangles A B C, the ſmaller before : 
the greater aſter 6. 
As the Coſine of the Latitnde the ſine of the angle at A, 
To its Oppoſute ſide B,C, the difference of the ſines of the Suns Altitude at 
6G, and of hu propoſed Altitude : 
So ts the Radius ſine of the angle at B, 
ToC A, the fine of the howr from 6 in the Parralel of Declinaticn in the 
lower T riangle before,in the upper after 6, 


So in the Winter or lower Triangle ABDC, 
A Cofine of the Latitude fine of the angle at A, 
ToBC, the ſum of the ſines of the Suns Depreſſion at 6 BD, and of hu 
given AltznudD C: . 
So u the Radius the fine of the angle at B, To AC, the fine of the hoxr 
from 6 towards moon 3n the Parralel of Declination, 


The fine of the hour thus found ina Parralel , is to be reduced by 
another Analogy tothe common Radius, and that will be, 
As the Radins of the Parraltl T A, the Coſine of the Declination, 
It to the common R adivu E 6 : | 
So s any other fine in that Parralcl. 
To the fine of the ſasd Arch to the common Radins. 


Now it refts to be proved chat both theſe Analogies ray be w_ 
| | : 
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ved into dne, andehiar will be done by bringing the Reangle of cht 
ewo middle Tearms of the firſt Prop vrtion wich the- firſt Tearm under 
chem as an improper Fraction to be placed 2s a ſingle Tearm in the 
ſecond Prof © tion, being in value the anſweri four d in the Parralel , 
and chen we have the Rule of three tro Operate az ic were in who!:z 
Numbers and mix:t. The Proportion will run, 

As the Coſine of the Declination , To Radins: So the [aid Improper 

Frattion, To the Anſwer. 
and ſo proceeding according to the Rules of Arithmerick. # 

The Diviſor will be the ReQangle of the Cofine of the Declinati- 
on, and of the Cofine of the Latitude, one of the middle Tearms 
would be the Square of the Radius , and che other the former ſum 
or difference. 

Now if any two Tearms of a P:oportion be divided by a common 
Diviſor , the Dividends being Equimultiplex to the Quotients , the 
Quotients bear the ſame mutual Proportion as the D.vidends by 18 * 
Props/. 7 Enclid. 

$9 in this inſtance if the ReRargle of the Coſines bo:h of the La- 
tirude and of the D-clination be divided by one of choſe Tearms, the 
Quorient will be the other, and if the Square of the Radius be divi- 
ded by the Sine of an Arch , the Quotiear will be thx Secant of that 
Arks Complement ; So in the preſent Example, if the former ReR- 
angle be divided by the Cofine of the Lacituce , the Quotient is the 
Coline of the Declination, if che Square of the Radius be divided by 
the ſame Diviſor, the Quotient is the Secant of the L1tirude likewiſe 
if both thoſe Plains were divided by che C-.ſine of the Declination, 
the Quotients would be the Colſine of the Laticude , and the Secanr 
of the Declination, i therefore holds, 

As the Coſine of the Declination, To the Secan: of the Latitude, 
Or, As the Coſine of the Latitude, To the Secant of the Declination : 
So us the former ſum or difference of fines, T « che ſine of the hour from 6, 
Which was to be proved. 
Corrollarie; 
As the Radina , To the fine of an Archin a l:ſſer Circle or Pararlell : 
$9 is the Secant of that Parraltll, To the ſine of the ſaid Arch, to the 
c:immon Rading. 


Hence may be obſcrved a general Canon for the double or __- 
poun 


ris  Coſeref tybaried Trlengle 
Pound Rule of three, divide the Tearms int0 twat fiogle Rules, by 
placing two Tearms of like DenQmination in-cach Rule, and 
other remaining Tearm may in moſt Caſes be b aa among either of 
theſe two Tearmy of like Denomination, and then by arguing whe- 
ther like require like, or unlike,the Diviſor in each ſingle Rule, may 
be diſcovered, and then it will hold in all Caſes, | | 


As the Reflangle or Produtt of the two Diviſoys, 
Is to the progutt of any two of the other T ea: m1 : 
So # the ather Tearm left, 

Tothe Number ſought, 


an 


Fur the Azimath. 


Having drawn the Horizon and Axis, the two prickt Lines, the 
Vertical Circle Z N, and the Equino@tial A & , the Parralels of De- 
clination I KandELM, draw T V a Parralel of lefler Altitude then 
that in che Vertical, and R $ a Parealel of greater Altirude ; Draw 
alſo P Q a Parralel of Depreſſion equal to the Verticat Alritude, in 
the point C aboue theCenter the Point A being as much below itÞ,e- 
ing the point where the Parratel of Declitation interſeRs the _ 

ca 
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cal Circle, and from the point Cin the leſſer parralel of Altitude, let 
fall the perpendicular C B on the parralel of Depreſtion Þ Q,,by this 
means there will be Conſtituted divers right lined , right angled Tri- 
angles, and chrough thoſe Points where the parralel of Declination, 
and parralels of Altitude interſeR, are drawn Elipſes pricke from the 
Zenith to repreſent the Azimuths,, and in the three ſeveral Triarg/:s 
thus Confticuted,the fide A B meaſureth the quantity of the Azimuth 
in the parralel of Altitnde, and B Cin the two upper Triangles is the 
difference of the ſines of the-Sans propoſed Altitude , and of his Al- 
titude in rhe prime Vertical : But in the lower Triang'e the ſum of 
them, it then holds by the Propottion of the (ines of Angles to their 
oppolice ſides. 
In the two ypper Triangles, 
As the Coſfone of the Latitude, t' e ſine of the angle at A, 
To its oppoſite fide B C , the difference of the fines of the Sung 1'(rtical, 
axd of his propoſed Altitude : 
So ts the fine of the Latitude, that is the fine of the angle at C, 
To its oppoſite ſide B A, the ſine of the Azimmh from the Eaſt ard Weſt, 


* And the like in the lower Triangle , onely there the third Texrm 
BC, is the ſum of the ſines of the Suns Vertical Depreſlion, and of 
his given Altitude: 
Such. Proportion as a5 the Cofine of an Ark doth bear to the fine 
of an Ark, doth the Radius bear to the Tangent of the ſaid Ark, 
this being the Canon by which the natural Tangents are made from 
the natural ſines, and therefore we may change the former Propor- 
tion, and inſtead thereof ſay, 

As the Radius, To the T angent of the Latitnae : 

So the ſaid ſum or difference of Siner, 

To the Sine of the Azimnth in the Parralel of Altituae : 


The anſwer falling in a Parralel or leſſer Circle is to be reduced to 
the common Radius by another Anajogy, and thac is 
eA's the Coſine of the Alti:nde (the Ridins of the parral:1) 
To the Radins : 
So any fine in the ſaid parralel, 
To the like ſine in the common Rading. 
Nom it is to be proved that both theſe Proportions may be brought. 
; 1:1 
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into one, and that will be as before, by making an improper FraQion/ 
whoſe Numerator ſhall be the ReQangle of the two middle Tearms 
ofthe former Proportion, tbe firſt Tearm, viz: the Radins being the 
Denominator, and placing this as the third Tearm in the ſecond Pro- 
portion, and then thoſe that underftand how to operate the Rule of 
three in whole Numbers and mixt,, will find their Diviſor to be the 
ReKtargle or PcoduR of the Coſtne of the Alcitade, and of the Ra« 

dins, and the Dividend the Produdt of the three other Tearms, name- 
ly, ofthe Tangent of the Latitude, the Radius, and the former fum- 
or difference of ſines, whence it holds, 


As the Reftangle of the Coſine of the Altitude, and of the Radins, 

Is to the Reftang le of the T angent of the Latitude , andof the Radins : 
$9 is the former ſum or difference of finer, 

To the fine of the Azimnth. 


The Reader may preſently efpy that the two farmer Tearms of 
this Proportion may be from the Radius by dividing them both 
thereby, and the Quotients will be the Coſine of the Altitude , and 
the Tangent of the Latitude, 

It therefore holds, 

As the Cofine of the «Altitude, 'To the T augent of the Latitnae ; 

So in Summer 1; the difference,in Winter the ſuw of the fines of the Suns 

Vertical and propeſed Altitude, To the fine of the eAzimmbh from the 
Pertical. 

This is general either for Sun or Stars, when their D:clination is leſs 
thenthe Latitude of the place ; but when it is more, the Caſe doth 
bur littie vary, 

In the Scheme annexed fitted tothe Latitude of the Barbadbs having 
grawn H H the Horizon, :P P'the Axis, Z & the Equator, Z A the 
Vertical draw two parralells of Declination F R, K A continued rill 
ehey interfſeR the Vertical prolonged, draw the parralel of Altitade 
B ©,and parralel thereto from the Point A draw AE, Then doth the 
latter part of the Proportion lye as evident as before, 

In the right angled Triangle CG F right angled at G, 

As the ſine of the Latitude the angle at F, 

Toits Oppoſite ſide CG _ of the Declination, 

Ss the Radixs the angle at G, To the Sceamt CZE. 

Again, 
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Again in Suramer. 

Ar tht (ofini of the Latitude the angle at ©, 

T1 its oppoſite fide D Z F, the difference berween the formey Stcans and 
the fine of t Altitude : 

$» 4 the ſine of the Latitude, the angle at F, 

To its oppoſite fade D © , the Smeef the Azinmngch from the Vartieal in 
the Parralel of Altitnae, 


Q_.z In 
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In Winter, | 
A's Crfine Latitude angle at A, . Us thi Neu! 
To BE the (umoof the former Secant equal ro EM, and of the fin! of the 
AltinieMB: 
So #5 the fine of the Latitude the angle B, 
ToAE, tequaltoB D rhe fine of the Azimith in a Parralel« ar bef« re, 
lo be reduced to the common Rading, TOSGT ILY 
From this Schem may be ob'erved the reaſon why the San in thoſe 
L:titodes upon ſome Azimuths hath tw@ Altitudes , becanſe the Par» 
ralel of his Declination F R interſeRs, and paſſeth through the Azi- 
muth, namely, the prickt Ellipſts in the-two points S; ©. 


1 now procerd to the Uſe in Calculating a T able of Hours, 


- For thoſe that have occsſion to Calculate a Table of Hours to any 
{fligned Alticude and” parrale! of Declination, it wil! be the readieft 
way to write-do:vn all the moveable Tearms ficft, as the natural ſines 
of the ſeveral A'titudes in a ruled ſheet of Paper, and then upon a 
peice of Card to write downthe natural ſine of the Suns Altitude at 6 
and removing to every Akitude, get the ſum or difference according- 
ly, which being had , ſeek the ſame in the natural (ines, and write 
down the Log” chat ſtands againſt ir, then'upon the other end of the 
piece of Card get the ſum of the Arithmetical Complements of the 
Logarithmical Coſine of the Declination , and of the Logarithmica 
Coſiae of the Latitude, and add this fixed Number to the Logme be- 
fore wrote down ; by removing the Card to every one of them, and 
the ſum is the Logme of the ſine of the Hour from G6, i! the Logmes 
be weil proportioned out to the differences which may be ſufficiently 
done by gueis. 

Example. 


Comp Latitude 38* 28: 4x Cowp— oo, 2061683 
Comp Dclinat '66, 29 Ar Comp — 0,0376572 


fixed Number ———- ——,2 438255 
Let the Altitude be 36' 42 Nat Sine 5976251 7 
Natural ſine Altitude at 6———— 3124174 


difference —— 2852077 Log 4z4inſt g 4550441 


Sine of 304 che honr from 6 towards noon--— 9, 6988696 
Another 
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Amther Example. 


NS Altitude at 6 3124174 

Lat the Altitude be 13446'N $ 2379684 
difference——744490 Logm — $,8515646 
The former fixed ——_ : m——— 0, 2438355 


Sine of 94 30 the hour from 6 towards midnight 9,11539291 
becauſe the Altitude is leſs then the Altitude 


This method of Calculation will diſpatch much f;ſter then the com» 
mon Canon , when three ſides are given to find an angle ;. the Azi- 
muth may in like manner be Calculated but will be more troubleſome 
not having ſo many fixt Tearms in ic, and having got the hour, the 
Azimuth will be eaſily found ; in this Caſe we have two fides and an 
angle oppoſice to one of them given, to find the angle oppolice ro 
the other, and the Proportion, will hold, 

As the (ofine of the Altitude, 

To the ſine of the hour from the Meridian : 

$o the Cofine of the Declination, 

To the ſine of the Azimuth from the Meridian. 


- And in this Caſe the three ſides being given, we may determine the 
affe&tion of any of the angles. 

If che Sun, or Stars have declination rowards the depreſſed Pule , 
oe Azimnth is always Obtuſe , ard the hour andfrgic of poſitior- 

cute. 

- If the Sun, ce. have declination towards the Elevated Pule, bur 
leſs then-the Latitude of the place the angle of Poſition is always 
acute,. the hour before 6 obtuſe; the hour and Azimuth berween the 
Altitude of 6, and the Vertical Altitude both acute, afterwards the 
hour acute, #nd the Azimuth obtuſe. 

But when the Sun or S:ars come to the Meridian between the Z2- 
nith and the Elevated Pole, as when their declination is greater then 
the Laticude of the place, the Azimuth is always acute, the hour be- 
fore 6 obtuſe, afterwards acute. 

The angle of poſition from the time of riſing to the remoteſt 2 zi- 
muth from the Meridian is acute, afterwards ob:uſe. 

Anather 
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Another General Proportion fer the Hony. 
A: the Radine, 
T 6 theT angent of the Latituat : 
Ss the T angent of the Suns declination, 


To rhe fine of the hoxr of riſing from fix: 


Again. 

To the Reftangle of the Coſine ef the Latirnde , and of vhe Cofine of the 
declination, 1s to the Square of the Radins : So is the a of the Alri- 
tade, To the difference of the Verſed ſince of the Semidi Ark, and 
of the hour ſought. 

Having got a_—_— this difference, take the natural num. 
ber out of the Sines or Tangents that ftands againſt it, accordiogly as 
the Logme is ſought, andin Winter add it to the natural fine of the 
hour of riſing from 6, the ſum is the natural ſine of che hour from 6 
rowards noon. 

In Summer get the difference between this fourth and the fine of ri- 
ſing from6 , the ſaid difference is the natural fine of the hour from - 
6 towards noon, when the Number found by the < - "ns is grea- 
ter then the ſine of riſing, towards midaight when leſs. 

The Canon is the ſame withous Variation as well for South decli- 
nations as for North, and therefore we may by help thereof find erwo 
hours to the ſame Altitude. 


Example. 
Comp Lat 384 28' Ar Comp Sine— z 2061683 ' 
Compdeclia 77% Ar Comp — —, 0112761 
fixed number--———————, 2174444 
Let the Altitude be 144 38' Sine———— ————09, 40248389 
Natoral ſine againſt it——41660, 00 —— 96199333 
Nat ſine of riſing from 6—29058, 79 
Sum ——570718, 79 N ſine of 45% the hour from 
ſix in Winter. 
Difference—12601, 21 Sine of 74 14” the hour from 6 
in Summer towards noon 


co the former Altiude,and like declination towards Elevated Pole. 
Amtther 
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Another Example for the ſame Latitude and Declination. 
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Logme 
Let the Altitude be 20* 25) Sing ———— 9, 5426321 
The former fixed Logne—— - ——2174444 
Natural fine againf it 5754811 Sum———9, 76c0765 


Natural ſine of riſing —— 2905879 $_ | 
Sum ——$660690 ſine 60! the ho from 6 in Wine 
Difference — 284893 ſine 164 33*,the hour from 6 in 
Summer cowards ng0n 
And thus may two bours be found at one operation for all Alti- 
tudes leſs then the Winter Meridifn Altitude, to be converted into 
uſual Time by allowing 15* ro an hour, aud 4 "to & degree, 


To Calculate a T able of the Suns Altitude on all Hours. 


As the Seeant of the Latirude, 
To the Coſine of the Declinarion, 
Or which is all one, 


els the Square of the Redims : To the Reftangle of the Counts, buth of 

the Latitude and of the Deelination : So « the fine of the hanr from 6. 

To a fourth, namely, in Summer the difference of the fines of the 
Suns Altitude at 6, and of the Altitude ſovghe, in Winter the ſum of 
the ſines of the Suns Depreflion at 6, and of the Altitude ſoughe. 

Having wrote down the Logarithmical fines of the hour from 6 on 
the Paper, at one end-of a piece of Card may be wrote down the ſum 
of the Logarithmical Cofines of the Latitude and Declination , and 
add the ſame to the fine of the hour rejeRting the double Radius, 
and take the natural ſine that Rtands againt the ſum ſought in the Lo- 
garithmical ſines ; having this natural fine, get the ſum and diffe- 
rence of it, and of che natural of the Suns Akitude at G, the ſum is 
the natural ſine of the Alcicude for Summer declinations, and the dif- 
ference for Winter Declinations when the ſine of the Suns Altitude is 
the leſſer : But when it is the greater, the ſaid difference is the natu- 
rq] ſine of the Altitude for hours beyond 6 towards midnight. 
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Example: .* \ 


| - Log" 
Complement Latitude 38' 28' Sine ———— 9, 7938317 
Compl Declination 66 29 . Sthn& ————— 9, 9623428 


fixed Logme 19, 7561745 

Let the hour be 30* that is 2 hours before and after} 9, 69897ca 
ſix in Summer ſine s _ AC 
Sum 9,45 51445 


Natural ſine againſt it—285 1308 
Nat fine of the Altitude? 3124174 
at 6 — _ 
Sum —$975482 Sine of 364 as 
Difterence— 272866 Sine of 1 34 \ being the 
two Altitudes for 4 and 8 in the mornirg or afternoon, in Summer, 


Anither Example, 
Let the hour be 454 from fix Sine———- 9, 8494950 
the former fixed Logme - — ——19, 7561745 
N Sine againſt it 


— 403 w—_ Sum— 9,6056595 
N Singot Altitude at 63124174 — ba 
Sum —7156965 Sine of 45* 42' 
D.fference — 908617 Sine—5 13 \ being 
the two Altitudes for the hours of 9 or 3-in Summer or Winter fox 
Declination 23* 31' both cowards the Elevated and Depreſſed Pole. 


By the former Canon was the following Table of Altitudes calcu- 
lated, ard that with much celerity beyond any other way , it-will not 
be amiſs ro Catculate the Suns Altitude at. 6 by the natural Tables on- 
Iv , however the Logarithms will accurately diſcover the natural.ſine 
oft, if duly Proportioned by the differences, y 


A 
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the Latitude of London. 

_ North. | - 4.5 TY 
Declination. 23% 31|__13 |Equater.| 134 
—Xi. 61, 5951, 28/38, 28/25, 28 

, 61, 4oigl, 21(13s8, 2225, -20 
* £61, , 23/59, 59j38, 425, , 8 
*  |60, 4o[5®, 2437, 3624, 43 
L. (8 e590, _ 3000 yea nn 
58, 29/48, 3516; $123, 206 
$7» 447 24/35» 4122, 34 
$5, 29/40 1133, $521, 33 
ll. 53: 45/#4, 3:32, 3020, 25 
51, 53/429 5il13l, 519, 8 
49, $5441, 4/29, A 44 
47» $Y39, 14/27, $3116, 14 
BL 05, 4007 136 SE: 
| 43, 31/35, . 9124, 1212, 55 

41, 16/33» . 2/22, I5/I1, 7 

38, 59.30, $2120, 13} 9, l5 
INN: (36, 42/28, 37/18. i 2, 

34, 23/26, , 22|-5, 58/5, 17 | 

32, 424» 513, 46| 3, 12 

29, 43/31, 40 [T, 32] T, ' 4 
—_V.__|27.__23/19- 27] 9, _16 

25, 417, a 6, 58 

22, 4614, 47)4, 39 | 

20, 2812, 27] 3, '2 

VI. |18, 13210, go, oo VI. 

15, $8 7, $! 

13, 46 5, 34 
' ill, 37] 3s 20 
IL is ade 15+ 1 

7, 25] | Decli» |Aſcenſionall 

6d na'ion.| d ference. 
k-20s 27 j13'— [16% 54 
{ VIIL, | i, 34 IM, '23, 3133, 42 | 


I2T 
A T able of the Suns Altitudes for each Hour and quarter fer 


South. 
Wy: 
4 $7 AL. 
(4z, $2 
4, 39 
l4y - 19 
[Z, 48 Xl. 
3, 9 
ta, 24 
bs. 
ſO, 28 «as 
9, I9 
4 

6 41 

5_ 131% 
3, 39, 

b, v9 

o, | 

vi. | 

k on 
R A 


I22 


A T able of the Sunj lt tudes fer eviry 5 degrees of Azimuth 


ſrem the Meu idien for the Latitude of London. 
South. 


North; 


D climaition,; 2.% J1 


—P— Cre nnn——— — ——— oo 


_ 39 174..50 


—— 


"Equaret, = 13 290% 01 


38d 28'| 254, 2F 144, 57 


— 


b 61; 1 38, 21 | 25, 21 14,49 
10- |61, 38, 2 | 24. $7'| 14, 22| 
FD : - WW... _40(_37, 30 | 24; 20 | 13, 39 
25. 60, 35, 45 | 22, 16 | 11,19 
DABICR ONS «B+ E387 28. 2305. $408; 
35: 59, Wn: $I 7.1 a 
40 57» 31, 19 | 17, 7 5, 31 
— 45 55, 43|43, 50| 29, 19| 14, 50 | 2,57 
Jo 54s of,” $ | tt, 'T | ©, 03 | 
55 5J2, 24, 30 9, 21 
Eh "3, 40| 6, 11; 
oy: 4s 18, 34 | 2, 46 
70 44, Is, 12 | 
7T :41, in, 37, 
8 38, Ty 51 
85 | 34, 3; 59- 
I N.. 
95 206, 34 
loo 22, | 
—-—395_ 15, 20}_4: 44] Diclinu |Ampitwd:. 
IIO I4, 15 134, 214, 12 
IIS. IO, 1' 4 P 
++ 0 | 6, 36 239-31 | 39", 54 
125 |! 3» 
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Many Tables may want thenaturall Tables ftanding againſt the 
'Logarichmicall ; therefore the method of Calculation by the Lo- 
garichmicall Tables onely, is not to be omitted , albeirwe wave the 
.commen Proportions, when three Sides: are given to find an 
Angle. 
general Proportion derived from the book of the honorable 
Biron of CMarchs/tin, which miy bes wroyght on aSerpentine 
Line without the ufe of Verſed Sines, or finding the half diftance 
between the 7 Tearmeand the Radius, not encymbred with Re- 
Rangles, Squares, or Differences of Sines, or Verſed Sines. 


Three Sides to find an Angle ; two of them or all three bring 
l:(ſe then Qu. drants, 


By a ſuppoſed perpendicular, which need not to be named. 
A's the T angent of ba'f the greater of th conta ning {ides, 
To the T angent of the half ſuw of the oth:r (id.s : 
$2 15 the T engevt of half their difference, 
To the tangent of 4 foxrth Arke. 


If this Arke be greater then the haif of the firſt afſumed ſide; 
namely, then the Arke of the firſt Tearme, in the P:oportion , the 
(Suppoſed perpendicular falls without ) Angles oppoſite to the two 
other Sides are of a different AﬀeRion, the greateſt ſide ſubrendiog 
the Obtuſe angle, and the leſſer the Accure. 

If the Angle Oppoſice to the greater of the other Sides be ſought, 
Take the diff-rence; if to the lefſer, the Sum of the 4” Arke, and 
of half che containing Side, which half is the firſt Tearme in the 
Proportion, 


| Then, 
Arthe Radiue, To the Cotangont of the other Containing Side : 


$o the T angent of the ſaid Swm or difference, 
To the Coſine of the Angle fought, 


Ls 
Theffirſt Tearrwe above neets no Reftraint, bat'when one of the 
Comaining Sides is greater theirs quadrant; —  * 
If the 4 * Arke be leſs then the half of the firſt aſſumed Side, the 
x R 2 Perpendicular 


1124 Caſes of Spherical Triangles, 
Perpendicular falls within;' in this Caſe, therwo Angles, oppoſice'to 
the two other.ſides may be found, being both Acute; | 

Ger the Sura and difference of haifthe firſt aſſumed Side, and of 
the 4 * Arke, .the Sum is the greater Segmeor, and the Difference 
or reſidue , the leſſer Segment ; the Perpendicular alwayes falling 
0a the ſide aſſamed, firſt into che Proportion z Then, 


As the Radins, To the Eotan,cn' of hed Eon (of the othey 


(Containing Sidcs;S0 4 th: Tar gent of the jou 7 om þ Srgme+t, 


To the Cine of the Angle ſought, 


From theſe gen ral Diretions 1s derived this Caron 
for Calculating the Azimuth, 


es the T angent of half the Complement of the Altitue; 

To the T angent of the half ſum of the Sun or Stars diſtance from th 
el:wated pole, ad of the Compl-m nt of the Latiinae: 

Soutke T ang n' of half their diff rence, 

To the T angent of a 4" Arke. 


If this Ark be leſs then half the Complement of the Alticude, the' 
Azimuth is Acute. if more obtuſe, in both Caſes, ger the difference 
of theſe rwo Arkes, if there. be- no difference, the Azimuth is 90% 
from the Meridianz Then, 
es the Radiia, Tothe Target of the Latitude ; 

20 the T angent of the ſaid Arke of difference, 
T o the Sine of the Azimuth ſrom the prime Verticall.. 


This when che Sun or Stars do” not come to the Meridian be- 
tween the Zenith and the elevared pole : but when they do; Let the 
ſum of the 4'* Ark, and of half the Complement of the Altitude, be 
- the third Tearme in the latter Proportion. | 

This is a ready Way to Calculate a Table of Azimuths ; two 
Tearms in each Proportion being .fized for one Declirmatign;/iand 
che Azimuth being known, the Hour.may be found by a ſingle Ope- 


Fation, - FE 
J # 
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1 th! Cofint of the Declination, 

11 to the Sire of the Azimmth, from the Meridias: 
Sou the Cofine of the Altitude, 

To the Sin of the H wr, from the Miridian, 


Exampli, for 13% of North Diclination. 


77* Complement of Declination the Polar diſtance. 
38. 28 Complement of Latitude at ZLondos. 


11s, 28 Sum: balffum 574, 44' Tangent 15,:199723k 
38, 32 Cifference : half diff” 19, 16 Tangent 9 5434c 94 
fixed for that declination ——--- —— 19, 7432225 
Altitude 45, 44' Comp. 854 16'balf 4:4 38' Tang. 9, 9640817 
Tangent of -——-——- 31, 1  —-- 9, 7791414 

difference ——- 11-37 Tangent 9, 3129675 

Tangentof 51' 32' the Latitude - 19, 0999135 


Sine of 15%, the Azimuth 9,4128810 
from Eaft or Weſt Northwards, becauſe the Ark found 
by 1k Operation was leſs then halfthe Complement 


of the Altitude. | 
«Another Example for the Al 5 uds 34* 22 
Log” 
The fixed Number —— —— 19, 7432225 
Compl. Altitude 55 38" half 4 27, 49 Tangent 9, 7224147 
Tangent of — — 46, :23 --————— 10, 0209078 
Difference 18, 34 Tavgent 9, 5261966 
Tangent of the Latitude —— -— — 10, 0999135 
The Sine of 25% the Azimuth from —-— 9, 6261101 


Ezft to Weſt Southwards bzcauſe the: firlt Ark was more 
then balf che Coalticude, 


The hours to theſe two Azimuths will befound F 984, 54' > fro 
+ by the latter Pcoportion to be — — ——— t50, 9 © Noon. 


Ty 
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To (alcnlate the Suns Altitude an all Hanre and Au'witths, 


The firſt operation ſhall be to find foch an Ark 8s may remain 
fix:d in one Latitude to fe: ve to all Declinations in both Caſes : $9 
that but one Operation more need be required. 


The Proportion to find itis 
As the Rasins t» the Cotangent of the Latitude, 
_ So 15. the Sine of any Hour from 6, cy Atzimmth from the Þ ertical 
To the T angent of a fexrth Ark, 


This 4'Þ Arke ( if the Azimath be accounted from the Vertica|, 
thatis, from the points of E | or Weſt towards noon Meridian ) 
Is the Alritude that the Sun (hall have, being.in the EquinoRial, 
upon that Azumuth, and ſo one of the Queſica. 

If the hour from 6 be accounted upward on the EquinoAial, this 
4" Ark is the ark or potion of the hour Circle, between the qui. 
noRtial and Honzon. 

This Ark for Hours and Azimuths beyond 6, or the Vertical, 
towards the midnight Meridian, is the Depreſlion-under the Hori. 
zor, according to the Denominations already given it, 


For the Altitudes on all Hours,” 


When the Sun is in the EquinoRtial , 
As the Radixs, i tothe (ofine of the Latitude: 
So is the Sine of the Howr from 6 
To the Sine of hrs Altinmae, 


Is all other Cafes, 


If the Hour from-noon be 4 7%; Feben 6 SubftraRt the Equi- 


noRtial Arks that Correſpond to ſuch parts of time as you would 

Coping Ahinyee for; out of the Suns diſtance from the 
Depreſled { þ "Elle | ny 
abr c ole, ard thenit will hold, 

| 1; 


f 
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A the Coſine of the Ark found by the firſt common Proportion, 


11 th the Coſtne of the Ark remaixizg ; 
So is the Sine of the Latit ade, 
T« th Sine of the Altitude ſought; 

For che more ſpeedy Calco'ating a Table of-the Suns Altitudes for 
this Lacitude tO any Declination,chere is added a Table of theſe Equi- 
no&tial Arks for every hour and qtarter, as alſo for every 94 of Azi- 
muth; Theuſe wherevf half be ifluſtraced by an Example or two, 
obſerving by the way , that the ſame Ark belongs to two hours alike 
remote 00 each fide from fix, as alſo like Arks to two Azimuths 
equally remote on each ſide the Vertical. 


Homrs on tach fide fix Az#muths on each fide the Virtical. 
VI | ©, oo |} fixed #*- 4 | 
bo 9 Arks 5! 3z T9 
8, 49 10 ., J1 
VII [| 21, -379-| V Wn 15 It, 37 
| 14, I9 
16, J5 © Is, 12 
I9, 22 25 18, 34 
VIII | 21, 4o | 111M 29 21, 40 
A ALTIMRL >, en — 
23, 49 
25, 48 35 24, ZO 
27, 39 ; 4qO 27, 3 
Ia | 20, 219 | INN 45 29, 19 
E zo, 52 i} ES 
32, 13 | $0 31, 19 
33, 27 Ea: 2h 
X 34_ 32 II Ro 24. 22 
35, 28 | 
36, 17 65 35, 45 
36, $7 70 30, 44 
XI_|37, 30 |I__ DL: 2 AY 18 
37» 55 
38, 13! | 8 | 38, 2 
38, 24; | 85 38, 21 
x11 | 38; 28 | | 90" | 58.28 
hi $6 Equinoctual Altitudes pr Depreſlions+ 


Examples 
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C_ BY 
Admit it were required to Caiculate the Suns Altitude for 2 or 15 
of the Clock, when bis declination is 23* 31/ North, 
Suns diſtance from the Elevated Pole— 66: 29 
fixed Atk for 2 or 10 is — 34: 32 


Reſidue —31: 57 

Complement of the Reſidue 58' 3/ Sine 9, 9286571 

Sine of — ——— 51 32 the Laticude- 9,8937452 

Iu 19,8224023 

Sine of —————55 28 Comficft ark 9, 91582c0 

Sine of - ————— 45 the}— 9, 9065823 

Altitude ſought 

So if it were required to Calculate the Suns Altitude for the hour. 

of 5 in the morning when his declination is 20! North 

© diſtance from depreſſed Pole—110' 


fixed Ark — 1: 7_ 
The Reſidue is 81%, 33/ Or ——— 98 23 
Sine of 84, 23/ the Compl of the Reſidue——9, 1637434 
Sine of the Latitude — 9,8937452 
I 9, 0574886 
Sine of 78" 23/ the Compl fixed ark -—— — 9, 9910119 
Sine of 6! 42/ the Altitude ſought —9, 0664767 


For the Altitude on all Azimnths, 
As the Sine of the Latitude, : 
Ts to the Cofine of the Equinottial Altitnat : 
So « the Sine of the Declination, 


Tothe Si ourth Ark, : 
'Get the ; Ger difference of the EquinoQial Altitude , and of 


this fourth Ark the ſum.is the Summer Alcitude for Azimuths from 
the Vertical towards noon Meridian, 


The difference when this 4** Ark is —— then the 


Equino&ial Alcicude isthe Tgyunter CA rude for Azimaths 


from the Vertical coward, Midwohe {Meridian 


Ex1mplee- 


Caſes of Spherical Triangles, 
E xam P le, 


Let it be required to Calculate Altirudes for the Suns Azimuth 39' 
from the Meridian, that is 60* from the Vertical for Declination 23 + 
31/ bath North and South. 

This will be ſpeedily done , add the Logme of the Sine of the De- 
clination tothe Arithmetical Complement of the Logme of the Sine 
of the Latitude,this number varies not for that declination, and to the 
Amount add the Logme of the Cofine of the EquinoRial Alcitude , 
the ſum rejeRing the Radius is the Logarichmical Sine of the 4*" Ark. 

Sine Latitude Ar Comp— o, 1062548 


Sine declination ——— — 9g, 6009901 
Sine of 55* 28/ the Complement79, 7072449 
of EquinoRial Alritude $9, 9158200 A 
Sne— 24' 48' —— 9,6230649 
EquinoR Altitude—24 22 
7 Sum —— $9 21 (Summer? Altitude for that 


Difference——-9 43.4 Winter { Azimuth. 


Anoth:r Example: 
The former Number ——9, 7072449 
Sine 78* 23/ CompofEquinoRt 9.9910119 
Altitude for 15% of Azimuth — —— 
Sine of 29! 57/— 9, 6982568 
Eq Altitude 11 37 
Difference—18 207 The Summer Altitudes for 15! Azimuth 
Sum ————41 344 each way from the Vertical ro that de- 
chnacion. 


— — —— 


=. 


The Snns Declination 20" Numtb to fond bis Altitunes for 15 | Azi- 
muth on each ſie the Vertical. 


Sine of 51+ 32/ the Latitude Ar Com-— — ©, 1062548 
Sine of 20' rhe dechnatian——————— 9, 5349517 
Sine of 78 23/ Comp Eq Altitude———9, 9910119 
Sine of 254 20/-— 9, 6313184 

S Sint 
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Sine of 251 2c/ 
Eq Altizude—11 37 
D.fference —13 437 The Sammer Altitudes ſor 15' Azi- 
Sum— 36 57.5 muthon each ſide the Verticalto 
that D-clina 10n. 

By the Arithmetical Complement of a Number is meant a reſidue 
which makes that firft Number «qual to the other : 

And ſo if from 3 number or numbers given another Namber is to 
be tubſtraRted, and inſtead thereof a third number added, the totall 
ſhall be ſo much encreaſed more then it ſhould by the ſum made of 
the number to be ſubſtr2Red, and of that was added : 

That is to ſay, in this lafi Exampte inſtead of ſubſtraRting the Sine 
of the Latitude from another ſum we added the reſidue thereof , be. 
ing taken trom Rad us thereto, and ſo increaſed the Total too much 
cach time by the Radius, which is eaſily rejected, | 

If the San or Stars come to the Meridian between the Zenith and 
the Elevated Pule, as when their D-clination is more then the Lati- 
rude of the place, the former Rule of Calculation varies not only the 
ſum of the EquinoRial Altitude, alias, the fixed Ark, and-of the Ark 
fou''d by the ſecond Proportion will be more then 99' In this Caſe 
the Complement of it to 1804s the Altitude ſought. 


A-double Advertiſement. 


The D-clination towards the Elevated Pole: ſuppoſed more then 
the Latitude of the place. 

If the Complement of the Dzclination be more then the Latitude 
of. the place alio, asin this caſe it always is for the Sun ; the Sun or 
ſuch Stars ſhall have ewo A'ticudes on every Azimuth between the 
Coaſt of riſing or ſetting, and the remoteft Azimuth from the Meri- 
Gian z To find what. Azimuths thoſe ſhall be, 


At th: Coſin' of the Latitu le, To Rains ; 
$94 the Six*0* the D-elina'ion, To the Sin: of thr Amplitude, 
And So & the Coſine of the Declination , To the Sine of the remoreft 
Azimuth from the Meri tian. 
Between the Azimuth of riſing, and the remoteſt Az'muth, the an- 
ele of Poſicion is Acute, aterwards Obtufe.-- _ 


, -C sſes of Spherical Triandlee, 'T3r 
.The Sun.upon the remoteſt Azimath , the angle of. Poſition beios 
arighe angle, will. have but one Alcitude to find it, 
A's the Sine of tl# Decl na'ion. To Rad'ns ; 
So us the Sine of che Lati:ude, To the Sine of that Alii'ude, 


Example, 
In North Latitude 1 34 of Barbados. | 
'Declinstion-20d North, the Suns:Amplitude or Coaſt of rifiog 69d 
23/ trom the Nurth, or 204 33/ from the Eaſt Northwards, and his 
remoteft Azimuth frem the North Meridian 9744 4-/- His two Alti- 
tudes upon the Azimuth of 7.44 from the- Meridian 274 27 the leſ{cr 
and 524 27' the greater , the fixed Ark found by the firſt Operation, 


ding ———— ————— — god 3/ 
And by the ſecond Operation the Ark found is ——— ——77 30 
Difference being the leſſer Altitudeis— — —27 27 


The ſum 127% 33/ che Comp to 18c4 being the greater Altisz2 27 
Altitude on the remoteſt Azimuth — 
Upon Az.muths nearer the Meridian then the Cozſt of riliog oc 

ſetting, it need not be hinted thac chere will be bur one Altitude. 


——_ —_—_ 4 


- The Proportion from the 5" Caſe of Oblique Sphe: ical Tyi- 
angles to find the Sunt Altitude an all Azimuths would be 


es the (oſine of the Declination, To the Sine of the Azimuth from the 

Meriitan : So i the Coſine of the Latitude, To the Sine of the « nglc 

of Poſition. * 

In ſuch Caſes when it will be acute or obtuſe is already defined, and 
where two. Altitudes are required it will be both, and being accord- 
ingly ſo made, the Proportion to find the Alticudes would be, 
es the ſie of half-the differe-ce of the Azimuth and angle of Tofition, 
To the T angent of half the difference of the Pular diftence ani Col u'itude 


So the Sine of bal; the /um of the Azimuth a1d ax; le of 'Pofitiony 


Tatle Tangent of half the Complemint of the Altitude. 


The Azimuth being an angle always acctunted from the Midnitht 
Meridian; but the | rehes Proportion eriucd from the ether 
Trigorometry in this Caſe is more ſpeedy. 

Such Stars as have more Declination then the Complement of the 

S 2 n Lati.ude 
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Lati;ude never riſe nor ſet, if their declination bealſo more then the 
Latitude of the place , they will bave two Altitudes upon-every Azi- 
muth , except the remoteſt. from.the Mezidian , andthe Calculation: 
the ſame as before. 


E xam I: for the Latinas of London. 


The middlemoft in the great Bears Rump, declinstion 564 45 Eb 
The remotelt Azimuth will by 614 497 from the Meridian, and the 
Altitude thereto. 69d 2&/, 

If that Star bave 3od of Azimuth fromthe Meridian, 
18 / 
. Be - o bo get in n 44 - - (difference being the leſſer Alt 27 5/ 
Sum——— 96 11 Compthe greater Aﬀtitude— 8z 49g 

This will be very evidert on. a Globe for bavingredified it to the 
Latitude extend a Thread. from-the Zenith-over.the Azimuttria the 
Horizon, then tarn.the Globe round}, and ſuch Stars as bave-a-mere 
utmoſt remote, Azimuth from the Meridiar, «nd do not riſe or ſer will 
paſs twice under che Thread , the Azimuth Latitude and Decliogtion 
being »Nigned if it were required to know the time when the Star (hall 
be twice on. the ſame Azimuth it may be found, without finding the 
Altitudes firſt by.6 » Caſe of Obiique.Spherical Triangles, 


As before get the angle of Poſition, 
As the Sine of half the ciffererce of the Complement. of. the. Lavituds, and 
the Complement of the diclination. hs” 
To the Sine of half their ſum : 

Sothe T angent of balf the deference of the Az4mnuth from the AMoeridian, 
axd of the angle of Poſition,' | ( 4; 
Tq ihe Cotargent of half the houy floms. the Meridian ...to beconnerted- 
Into common time if it relate to-Stars; Th each Proportion there'is! 

two fixed Tearms. 


The 


Cifes of Spherical Triangles, 


The 1luſtration bow theſe two fixed Arks are obt tned, 14 evident 
fromthe Analemma in the Scheme annexed. 


A& E repreſents the Equator. f 
H;K the Horifoo, P T the Axis, ZN the Prime, 
Vertical S$ D a Parralel of North declination, © another of South, 
declination, PS ©andP AN the Arks of two hours Circles between 
fix and noon, and P DT another before 6. In the; Triangle E LB 
right angled , there is giventhe angle at E, the Complement of the 
Latirude , the ſide E L the hour from 6, with the right angle at L to 
find the fide LB the ark of the hour Circle contained between the 
EquinoRiaband the Hozzion by 11* Caſe of right angled: Spherrical 
Triapgles , the Proportion will be, | | 
As AE Radins, . + 
To AH Cotangent Latitade : 
$9. E L Sineof.the honr from 6, 
. ToLB The Tangent of the ſaid Ark. 
From Z draw the Arches Z $ and Z© (being Ellipſes) through the 
Points where the Hour Circle, and Parralels of Declination incerſeR, 
andebey reprefent the Complements of the Altitudes ſought, and ler 


fall 
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fall a Perpendicular fromZ to R, then will PR be cqualto LB ,- be: 
cauſe the Proportion above is the ſame that would Calculate RP; 
Which ſubtraRed from Þ S or Þ © the- Suns diftance in Summer or 
Winter from the Elevated Pole reſts RS or R © : Nowin an Obl'que 
Sphet ical Triangle reduced to two right angled Triangles by the De- 
miſltion of a Perpendicular , the Ccfines of the Baſes are in dire& 
Proportion to the Colines of the Hipotenuſals a conſequence derived 
from the general Axiom of the Lord Napier, and therefore ic holds, 


*A's the Coſin: of the 41k, RP, or BL, that we csll the common 
fixed ark, 

Is to the Sine of the Latitude, the Complement of Z P: 

So the Coſineef the Ark,remaining, . that is the Complement of RS 
or S O; 

To the Size of the Al:itud-, the Complement of Z S or Z ©; 


This for all hours under 90! from the-Meridian , but for thoſe be- 
ſore or atrer 6 in the Summer ic may be obſer ved in the oppeſire Tri- 
angles EANandEAI, counting the hour E A each way from 6 
that the Ark of the hour Circle AN «qualto Al, 'as much as it is a. 
bove the Horizon in Winter, ſo much is it below the ſame in Sum- 
mer, andthe Suns diftance from the E'evated Pole then equal to his 
diſtance from the Depreſſed Pole now : and the Zenith diſtance then 
equal co the Nader diftance now, 2s is evident inthe TriangleT ND, 

So that in this Caſe the Sun is only ſuppoſed co have Winter inſtead 
of Summer Deciination, and the Rule for Calculating his Altitude 
the ſame as for Winter Altitudee. | | 


In like manner for the Az'muth. . 


In the Schem following H Q reprefents the Horizon, &F the Equa. 
tor, SG a Parralel ot Summer deelinatior , and. another palting 
through M of Winter declination, ZSL and Z NA two Azimuths 
between the Vertical and Noon Meridian, Z K IN arother between 
it and the Midnight Meridian , from the Points'S M I ler fall the Per. 
perdiculars S D, M O, I G' repreſenting the @ Declinatian.in the El. 
liples of ſeveral hour Circles ; So will ES, ML, AK, repreſerit che 
Airitudes of theſe 3 Azinuths reſpeRively , according to the proper 

. : | De- 
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Declination , for the finding whereof there is given in the Triangle 
ELR the ſide E L'the Az'mnth from the Vercical the angle BE L, 
the Complement of the Latitude and the right ang'e, and che Propor- 
tion by 1 1th Cale 0fright angled Spherical Triangle is 


eAs /} H the Rading, 

ToH & the Cotangent of the Latitude : 

SoEL the Sine of the Azimuth from the Veriical, 

ToLB the Tangent of the E quinotial Al i:w1e ro tat Azimuth. ' 


Thut we ſce the fir Proportions common to both , this Caſe iſſu- 
ing from the 2* Axiom of Piti/cus , that in many right angled Sphee- 
rical Triangles having the fame Acute angie at the Biſe, the Sines of 
the Baſes and Tangeanes of the Perpendiculars are proportional. 


For the ſecond Opr- ation to find BS, 


_ the Analogy is derivable from the ge1yral ;Pcopolition of 
the Lord Nepier,yet here I hill rake ir from Priri cw the 1 Axiom. 


T hat in many right angled Spherical Triangl r, having the ſame 
acut angle at the Baſe the Sines of the Perp:n1i: mars and Hips: 
thenuſals ar: in direft Proporti. u, Thiezes ' 
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Therefore in the Triangie £ZB, god D SB iewill bod, | 

e's IE Z the Sine of the Latitnde,, Tot Bhe Coſtvrf.the Equinifti- 
al Altituat, ] 

Sow DS, the Sine of the Declipation, 

To the Sine of B S,which s equal roB M : See 29*" Prop: of 3* book 
Regiomontanus, I prove it thus , The oppoſite,angles at B are equal, 
and the angles at D and O are£qual, nndtbe.lide D Sequalito MO, 
it will then be evinced by. Proportiqgn , eAs.the Sine of the augle ar B, 
Tots oppoſite ſide MO or DS : $9 4 the Ragitt, that whe anglem O 
or D, To its oppoſite ſide SB, or M B. 

This equality being admitred, if unto LBweadd BS, the ſum is 
LS the Alritude for Summer Declination , if-from BL we take B M 
equaltoBS, the remainder M Li is the Al:itude for the like Declina- 
tion cowards the Depreſſed Pole, being the WinterAltitude of that 
Azimuth, | 

But for Azimaths above 904 from the Meridian it may be obſerved 
in the rwo Oppoſite Triangles E A N, andE A 1, coynting the Azi- 
muth E A each way from the Vertical ies Equino&ial Altitude A N in 
the Winter is equal to its EquicoQtial Depreſiign A lin-the Summer, ' 
and is to be found by the 1 Pcoportion. 


Te ſecond Proportion varies not« 


As the Sine of the Latitude NF equal to EZ, Ir roNI equal toZB 
the Cſint of the Equinottial Altitude or Depreſſion: So u the Sine 
of the Declination , 1 GG equal :e'DS: To Sine | K, from which 
taking A1, the Eq uinoftial Depreſſion r:fts AK, t.c Altitude 
ſought, 


To Calculate a Table of the Suns Altinle for all A2imaths ung. 
. » hours under the EquindBigal. | 


This will be two Caſes of a Quadrantal Spherical Triangle. 
I. For the Alitndes on all Azimuths. Er 
Thete, opld.he giuenthe ſide AD 2 Quadrant , \theaangleatB the 
Azi 0.5 Buſs the Meridian ,"anduhofide A'D the»Gompiement-of 
the Suns Nediogtion, | If 
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If the fide B D be continued toa Quadrant, the angle at C will be 
a right angled, beſides which in the Triangle 'AD C, there would be 
given A D as before the Complement of the Suns Declination , and 
AC the meaſure of the angle at B to find D C the Suns Altirude Fe- 
' ing the Complement of B D, and ſo having the Hipotenuſal, aod one 
of the Leggs of a right angled Sphcerical Triangle, by the 7*" Caſe we . 


may find the other Legg , the Pcopontion ſutable to this queſtion 
would be 
eA's the Sine of the Azimuth from Eaſt or weſt, 
Is to the Radits : 
So & the Sine of the Declination, 
To the Coſine of the Altirude ſought. 


B 


2. For the Altitudes on all Hours, 


There would be given the fide AB a Quadrant, A D che Comple- 
ment of the Suns declination with the contained angle B A D the bour 
—_y noon, to find the fide BD the Complement of the Suns Al- 
titude. 

Here again if B D be continued co a Quadrant, the angle at C is a 
right angle, the fide A D remains common, the angle D AC is the 
Complement of che Angle BA D, See Page 57 where it is delivered, 
That if a Spherical Triangle have one right angle}, and one ſide a 
Quagrane, it hath two right angles , and two Quadrantal ſides, and 
therefore the angle B A Cis a right angle ; this is coincidence with the 
8* Caſe of right angled Spherical Teng Pcoportion thgreof is, 

A” 


—_— 
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As the Rading, 1s to the Coſmne of the Declination, 

So i the Sine of the keur ſrom ſox, 
Toahe Sine of the Altitude ſorg ts 


——_—_— 


Aﬀettions of Spherical Triangles, 


Ecauſe the laſt AﬀeQion in-page 5/7 is not Braced in the begin- 
ning , and a miſtake of leſſer tor greater , in the laſt Brace but 
one, I thought fic to recite it at large. 

Any ſide of a Sphcerical Triangle being continued, if the other ſides 
toperher are equal to a'Semicircle, the outward angle on the ſide con- 
tinued (hall be equal co the inward angle on the ſaid fide oppoſite 
thereto, 

If the fides are leſs then a Semicircle , the outward angle will be 
greater then the inward oppoſite angle ; | 

Bot if the ſaid ſides are together greater thena Semicircle, the out-- 
ward angle will be leſs then the inward oppoſite angle. 


In the. Triangle annexed, if the ſides A B and A C together are- 
_ toa- Semicircle , then is- the angle A C D'equal to the avg 


I 
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Te leſs then a Semiciccle then is the ſaid angle greater then the avgle 
at B, 

Bart if they be greater, then is the ſaid angle ACD leſs then the 
argleat B, 

By reaſon of the firſt AﬀeRion in page 58 (which wants a Brace in 
the firſt Line) aſter the wordstwo ſides ) We require in the firſt , ſe- 
cond,and other Caſes of Oblique angled Sphcecical Triangles, the fum 
of the two ſides'or angles given, to be lefs then a Semicircle. 

- Before I finiſh the Trigonometrical part, I think it not amiſs to 
give a Dittermination of the certain Caſes about Oppoſite ſides and 
Angles in Sphcecical Triangles , having before ſhewn which are the 
doubtful, and the rather becauſe that this was never yet ſpoke to. 


T wo fides with an Apgle oppoſice to one of them, ta determixe the 
Aﬀettion of the Ang le oppoſite to the arher. 


I. Ifthe given angle be Acute, and the oppoſite fide leſs then z 
Quadrant, and the adjacent ſide leſs then the former ſide. 

The angle it ſubtends is acute b:cauſe ſubtended by a leſſer ſide, 
for in all Sphoerical Triangles the lefler fide ſubtends the lefler angle 
and the Converſe, 

2. If the given angle be acute, and the oppoſite ſide leſs then a 
Quadrant, and the other ſide greater then the former ſide: 

This is a doubtfull Caſe, ifir be leſs then a Quadrant ic may ſubtend 
eicher an Acute or an Obtaſe angle,and ſo it may alſo do if it be grea- 
ter then a Quadrant, yer we may determine, 

That when the given angle is acute, and the oppoſite ſide leſs rhen 
a Quadrant, but greater then the Complement of the adjacent fide to 
a Semicircle ( which it cannot be unleſs the adjacent ſide be greater 
then a Quadrant) the angle oppoſite thereto will be obcuſe. 

3+ The given angle Acute, and the oppoſite ſide greater then a 
Quadrant, and the other ſide greater. 

If ewo (i les be greater then Quadrants, if one of them ſubtends 
an Acate angle, che other muſt ſubtead an Obruſe aogle , by the 1|t. 
es En aine, etdtecnting b 

4. given te, andthe oppoſite ſide greater then a 
Quadrant ; The onher fide cannot be leſſer then the former, by what 
was now ſpoken. 


T2 5, If 


- 
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5. If the given angle be Obtoſe , and the oppoſite. ſide leſs then 
Quadrant, the other ſide leſs (ubtends an Acute angle. 

_ 6. If the given angle be Obtuſe , and the oppoſite ſide leſs thenn 
Quadrant; The other ſide greater then the former ſide muſt of ne-* 
cellity be alſo greater then a Quadrant, otherwiſe ewo ſides leſs then 
Quadrants ſhould ſubtend rwo Obtufe angles, contrary to the firſt” 
Aﬀectioninp 58. 

7. If the given angle be Obtuſe, and the Oppoſe ſide greater 
then a-Quadrant ; If the orher ſide be greater then the former ir 
will ſubtend a more Obtuſe angle. | 

$-, If the given angle be Obtuſe, and the Oppoſite fide preater: 
then a Quadrant, Ifche other ſide be leſs then the former , whether- 
it be leſſer or greater then a Quadrant it may either ſubtend an Acute 
or Obtuſe angle. 


But we may ditermint” 


That when the given angle is Obtuſe , and the Oppoſite fide grea- 
ter then a Quadrant; Ifthe Complement of the adjacent ſide to a Se-- 
micircle be greater then the ſaid oppoſite ſide, the-angle ſubtended - 
by the ſaid adjacent ſide is Acute, 


Two Angles with a fide Oppoſi e to one of them, toderermine the 
Aﬀettion of the ſide oppofite to the other. 


1. If the given argle be Acute, and the oppoſite ſide leſs then a> 
Quadrant ; If the other anple be leſs , the ſide oppoſite theceto ſhall 
be leſs then a Quadrant becauſe it ſubrends a lefler angle. 

2. If the given angle be Acute , and the Oppoſite ſide leſs thena - 
Cuadrant, If the other-angle be greater the Caſe is ambiguous , yer 
re may determine, . | 

If the given angle be Acute, and the oppoſite fide leſſer thena- 
Quadrant, if the Complement of the other angle to a Semicircle be 
leſs then the Acute angle (which it cannot be bur when the latter angle 
is Obruſe) the ſide ſubtending ir ſhall be greater then a Quadrant, 

2. If the given angle be Acute, and the oppoſite fide graater then 
a:Quadrant, if the other angle be leſſer: : 

Then by 12 of 4 book of Kegiomontanns , if two Acute angles be 

' £23 un- 


s 
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unequal ,. thejfide oppoſite tothe leſſer of them ſhall be leſs then a 
Quadrants 

4+ If the given angle be Acute, and the oppoſite ſide preater then - 
a Quadranr, If the other angle be greater, | | 

Ic muſt of neceſitty be Obtuſe , beczuſe otherways two Acute vr e- 
qual angles, the (ide oppoſite to the leſſer of chem ſhould not be leller 
then a Quadrant, contraty the former place ol Regiomont anus. 

5- If the given angle be Obtuſe, and the oppolite fide lefler then 
a Quadrant, If the other angle be leſſer, 

Ie muſt of neceſſity be Acute, and the ſide fubtending it les then 
a Quadrant, otherways to ſides leſs then Quadrants ſhould :ubrend 
two Obtuſe angles, contrary to 1ſt AﬀeRion in page 58. 

6. 1F the given anpte be Obtuſe, and the oppoſite ſide leſs then a 
Qradrant, If the other angle be greater, 

By 13 Prop of 4 of Regiomontanss, if a Triangle have two Ob- 
tuſe unequal angles, the ſide oppoſite to the greater of them (bal! be 
oreater then a Quadrant. - 

7. Ifthe given angle be Obtuſe, and the oppolice fide greater then 
a Quadrant , If the other angle be greater or more obtuſe then the 
former; it is ſubtended by a greater ſide. 

8. If the given angle be Obtuſe,and the oppoſire ſide greater then 
a Quadrant, If the other angle be leſs then the former , the Caſe is 
ambiguods; yet we may determine, 

That when the given angle is Obtuſe, - and che oppoſite (ide great- 
erthen a Quadrant, if the other angle be leſs then che Complement 
of the ſaid Obtuſe angle to a Semicircle, the (ide ſubtending ic (hall be 


leſs then a Quadrant. 


The former (aſes that are ſtill , and alwais vill be doubtful, may 
be actermined when three ſides are given. | 


A Sphcerical Triangle having two ſides leſs then Quadrants and 
one greater, will always have one Obtuſe angle oppolite to that grea- 
ter ſide, and both the other angles Acute. | 

A Spherical Triangle having three ſides leſs then Quadrants , can 
have but one obtuſe angle ( and many times none ) and that obcuſe 
angle (ball be-ſubtended by the greateſt ſide ; | 


CaN-s * 


But whether the greateſt ſide ſubtend an Acute or: Obtule aogle 
') 
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cannot be known, unleſs given or found by Calculation , and that 
may be found ſeveral ways. 


Firſt by help of the Leggs or Sides including the angle ſought 
by 15 © Caſe of right angld Spheerical Triangles. 
As the Radins, Tothe Coſs1e of one of thoſe Leggs ; 
So is the Crſpne of the other Legg, Tothe S ne of a fenrth Arch, 
If the third fide be greater then the Complement of the fourth 
Arch co 90#, the angle included is Obtule, if equal to it a right angle, 
it leſs an Aeute angle. 


Secondly , By help of one of the Leggs and the Baſe or Side 
ſubtending the angle ſought by 7*> Caſe of righe angled 
| Sphcerical Triangles. 
As the (oſine of the adjacent ſide, being one of the I ſſer ſides, 
1rto the _— Pe WE 
So the (ofine of the oppoſite fide, To the fine of a fourth Arch, 

If kind fide be greater then the Complement of the 4 Arch 
to 904, the angle ſubrended is Acute, if equal to itaright angle , if 
leſs an Obcuſe angle. "0 

All other Caſes need no determination, if a Triangle have two ſides 
given bigger then Quadrants, make recourſe to the oppoſite Triangle 
and it will agree to theſe Caſes. 

If three angles were given to determine the AﬀeRion of the ſides 
if they were all Acute the three ſides ſubtending chem will be all le 
then Quadrants. 

But obſerve that though a Triangle that hath but one ſide greater 
then a Quadrant, can and ſhall always have but one Obtuſe avgle, yet 
a Triangle that hath but one Obcuſe angle may frequently have two 
ſides greater then Quadrants. 
 Inthis and all other Caſes let the angles be changed into ſides, and 
the former Rules will ſerue, 

] ihould have added a brief Application of all the Axioms that are 
neceſſary eo be remembred , and have reduced the Oblique Caſes to 
ſerled Proportions (with the Cadence of Perpendiculars only to ſhew 
how they ariſe ) whereby they will be rendred very facil ; as alſo the 
Demonftration ef the AﬀeRtions , which may be bereatcer added to 
ſome other Treatiſe to be bound with this Book. 

Of 
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Of working Proportions by the Lines on 
the Quadrant. 


TD Efore I come to (hew how all Proportions may in ſome mealure 

be performed upon.the Lines of this Quadrant , iris to be inti- 
mated in general , That the working of a Pcoportion upon a ſingle 
natural Line , was the uſeful invention of the late learned CAL he- 
me'ician , M' Samuel Foftcr, and publiſhed after his deceiſe as his ; 
In the uſe of his Scale , a Book called Poſthama Feſteri , as aiſo by 
Mr Sti-rwpin a Treatiſe of Dyalling ; in which Books, though it bz 
there preſcribed, and from thence may be learned, yer I acknow+ 
ledge I received ſome light concerning it, from ſome Manuſcripts 
lent me by Mr Foſter , in his life time to Tranſcribe for his and my 
own uſe touching Inſtcumenta]Applications; Yer withal be ir here in- 
timated,chat there are no ways uſed upon this Quadrent for the ob- 


' taining the Hour and Azimuth with Compaſſes, end che Converſe 


ofthe 4 Axiom, but what are wholly my oxn, and alcogether no- 

vel , though not worth the owning, for Inflramencal Concluſions 

not being ſo exaR as the Tabtes are of (mall efteem with the lexrned 

as in Mr Wingates Preface tothe Poſthwma ; beſides the taking off 
of any Line from the Limb to any Radius ; the Explanation of the 

reaſon of Proportions ſo wrought, the ſupply of many DefeRs,and- 
the inſcribing of Lines in the Limb, I have nor ſeen any thing- of 
Mr Foſters, or of any other mans, tending thereto. 


Of the Line of qual Parts. 


His Line iſfueth from the Center of the Quadrant onthe right 
edpe of the foreſide, and will ſerve for Menſurations , Pro» 
trations and Proportional work. 
The ground of working Proportions by ſingle natural Lines, is 
built upon the following grounds. . | 
That Equiangled Plain Triangles have the ſides abort their equal | 
aogles Proportional, and thiework-hath its whole dependance = 
LRe- 


44 Of Proporr10ns:3n equal Payts, 


the likeneſs of 'ewo equiangled Plain Right angled Triangles; as in 
the figure annexed, ler A B repreſent a Line of equal parts, Sines gr 


natural, Tangents ifluing from,che Center of the Quadrant ſuppox 


ſed at A, andlet A Crepreſent the Thread, and the Lines B C, ED 


making right angles with-the Line AC, orwith the Thread , the : 


neareſt diſtances to it from the Points B and E. 
I ſay then that this Scheme doth repreſent a Proportion of the 
greater t0 the ieſs, and the Converſe of the. leſsto the greater. 


C 


B E | A 


[Firſt of the greatesto the leſs, and then it lies, es ABtoBC: 
$9 AE t8 AD, whence obſerve that the length of the ſecond Tearm 
BC muſt be taken out of the common Scale AB, and one foot of 
that extent entred at B the firſt Tearm , the Thread muſt be laid co 
the other foot at C, accordiog to the neareft diſtance then the near- 
eſt diftance, from the Point E to the Thread that 15 from the third 
Tearm called Laters/ entrance, bemg meaſured in the-Scale A B,pives 
the quantxy of the 4 ® Proportional, 


Secondly of the leſs to the greater. 
And then it lies, «Ls BCro AB: SSEDr0AE, Or, 45ED 


toAt: SoB Cro AB, by which it appears chat the firt TearmB C. 


muſt be taken our of che common Scale, and entred one foot at the 
ſecond Tearm at B, and the Thread laid ro-the other ar C accord- 


ing to nearelt diſtance chen the third Tearm E D muſt be taken out 


_ of the common Scale and eatred between the Thread aad theScale, 


ſo that one foot may relt upon the Line, as at E, andthe other turn- * 


ed about may but juſt couch che Thread, as at D, ſo.is the diſtance 


from the Center t- K che quancity of che 4* Proportional ; and this * 


Of Proportions in equal parts. 14; 
is called Parralel entrance, becauſe the extent E D is entred Parra- 
lelto the extent BC: To avoid Circumlocation , it is here ſugpeſt. 
ed, that in the following Treatiſe , we uſe theſe expreſlions to lay 
the Thread to the other foot, whereby is meant to lay it (o ac- 
cording to neareſtdiftance , that the ſaid foot turned about may but 
juſt crouch the Thread, and (o to enter an extent between the Thread 
and the Scale is to enter ic ſo that one foot reſting upon the Scale, 
the other turned about may bur juſt conch the Thread. 


Another chief gr ound in ord:r to work;ng Proportions by help of 


Lines in the Limb it, 


That in anyProportion wherin theRadius is not ingredient theRadius 
may be introduced by working of two Proportions1a each of which 
the Radius ſhall be included,and that is done by finding two fuch mi- 
die tearms (one whereof ſhall always be the R3diu-) as ſhall make a 
ReRangle or PcoduRt equal to the ReRtangle or Produdt of the tu 0 
middle Tearms propoſed, to find which the Proportion will be. 


As the Radius, To ont of the middle Tearms : 
So the other middle Tearm) T 0 a fourths 


Ifay then , that the Radius and this fourth Tearm making a Pro» 
du& or ReRangle equal to the ProduRt of the ewo middle Tearms , 
theſe may be aſſumed into the Proportion inſtead of thoſe , and the 
anſwer or fourth Tearm will be the ſame without Variation, 2nd 
therefore holds, 

As the firſt Tearm of the Propoy119n, To the Ra'ims : 

So the fourth found as above, Toth: Trarm ſyught, 


Or, 

As the firſt Tearm of the Proportion, Is to the fourth found as above : 
So is the Radin , Tothe Tearm ſought; and here obſerve , that by 
changing the places of the ſccond and third Tearm , many times a 
Parralel entrance may be changed into a Lateral, which is more ex- 
pedice and certain then the other , having chus:1laid the foundation 
of workivg any Proportion, I now come to Ex3mples, 


u Ta 
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1. To Wwi:rk Proportions in equal parts al ne. 


Tf the firſt Tearm be greater then the ſecond, take the ſecond 


Tearm out of the Scale, and enter one foot of that extent at the firſt 
Tearm, laying the Thread to the other foot, then the neareſt diſtance 
from the third Tearm to the Thread gives the 4th Proportional 
ſovght,to be meaſured in the Scale from the Center. 

If the firſt Tearm be leſs then the fecond , ftill as before keep the 
oreateft Tearm on the Scale, and enter the firſt Tearm upon it, lay- 
in2 the Thread to the other foot, then enter the third Tearm taken 


out of the Scale becween the Thread and the Scale and it finds the - 


4h Pcoportional. 
Example. 
Admit the Sun ſhining , 1 (ſhould meaſure the length o! the Shad. 


dow of a Perpendicular S:affand find it to be 5 yards, the length of 
the Staff being 4 yards, and at the ſame time the length of the Shad. 


dow of a Chimny, the Altitude whereof is demanded, and find it to | 


be 22, yards, the Proportion then to acquire the Altititude would 
be, 


es the length of the ſhaiow of the $ taff, 
To the length of the Staff : | 
So the length of the ſb :dow of the Chimney, 
To the heig/t thereof, that is 


» 


As 5to 4: So22 | 5 t918 yards the Altitude or height of the ' 


Chimney ſought, Enter 4 vt che great diviſions upon 5 , laying the 
Thread to the other foot, then the neareſt diftance from 22 | 5 tothe 
Thread meaſured will be 18 , and in this {atter part each greater di- 
v.ſion muſt be underftoud to be divided into ten parts. 

And ſo if the Sun do not ſhine , the Altitude might be obtained 
by removiog till the Top of a Staff of known beight above the eye 
vp0N a level ground be brought into the ſame Viſual Line with the 
Top@ the Chimney, and then it holds, 


At 


” 
- 
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eA': the diſtance between the Eye and the Staff, To the height of the 
Staff «bove the ee : 

$o the diſtance between the Eye and the Chimney. 

To the height of the C kimncy abov: the Eye. 


Some do this by a Looking Glaſs, others by a Bow! of Water, by 
going back till they can ſee the rop of the objeR therein , and then 


the former Proportion ſerves, mnratu mutand:'s. 


But Proportions in equal parts will be eaſily wrought by the Pen, 
the chief ule therefore of this Line will be for ProtraQion, Meofura- 
tion, and to divide a Line of leſſer length then the Radius of the 
Quadrant Propertional.y into the like parts the Scale is divided, 
which may be readily done, and ſo any Proportional part taken off, 
to do it Enter the length of the Line propoſed at the end of the Scale 
at Io, andto the other foot lay the Thread che neareſt diſtances 
from the ſeveral parts of the graduated Scale ro the Thread ſhall be 
the like Proportional parts tothe length of the Line propoſed , the 
Proportion thus wrought is, 


As the length of the graduated Scale, To any leſſer length : 
So the parts of the Scale, Ta the Proportional like parts to thas other 
length. 


Of the Line of T angents on the left edge of 
the Quadrant. 


þ he chief Uſes of this Scale will be to operate Proportions cicher 
in Tangents alone or jointly, eicher with Sines or equal parts, 


8 _ dowa Dyals, and to proportion out a Tangent to any lefler 
adius, 


U z To 
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To work Prop.rtions in T angents alone, 


1, Of the greater to the leſs: 

Enter the ſecond Tearm taken our of the Scale upon the firſt, lay- 
ing the Thread to the other foot, then the neareſt diſtance from the 
third Tearm to the Thre:d being taken out and meaſured from the 
Center ſhews the 4th Proportional, 

But if the Proportion be of the leſs to the greater, 

Enter the firſt Tearm taken out of the Scale upon the ſecond,and 
lay the Thread to the other foot, then enter the third Tearm taken 
out of the Scale berween the Thread and the Scale, and the foot of 
Compaſſes will ſhew ch2 4 Proportional. ; 


E xample. 
Of the greater to the leſs, 

es the Taxgent of 50", Tothe Tangent of 20': Sothe T an; ent of 

30, Tothe T angent of 10\. | 

To work this take the Tangent of 20' in the Compaſſes, and en- 
tring one foot of that extent at 59', lay the Thread to the other , 
according to the neareſt diſtance, then will the neareſt diſtance from 
th: Tangent of 3o4to the Thread being meaſured on the Line of 
Tanpents from the Center be the Tangent of 10* the fourth Propor- 
tional, 

By inverting the Order of the Tearms, it will be, Of the leſs 
to the greater. 

A's tle Tangent of 20' ; To the Tangent of 54: So the Targent of 
104, Tothe Targent of 30\, to be wrought by a Parralel entrance, 

This Scale ot Tangents is continued but to two Radii, or 634 26/ 
whereas in miny Caſes che Tearms given or ſought may out-reach 
the length of che Scale,in ſuch Cates the Propprtion muft be changed 
' according to ſuch Directions as are given for varying of Proporti- 
ons at the end of the 16 Caſes of right angled Spharrical Triargles. 

In two Caſes all the Rules delivered for varying of Proportions 
will not ſo vary a Proportion as that ic may be wrought on this Line 
of Tangents. | 

Firſt when the firſt Tearm is greater then 634 2&/ thelength of 
the Scale, and the rwo middle Tearms each leſs then 26* 34 the 
Comple. 
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Complement of che Scale wanting ; Inthis Caſe if any two Tearm? 

of the Proportion be varied according to the Rules for varying of 

Proportions, there will be either in the given Tearms or Anſwer tuch 

a Tangent as ſhall execed the length of the Scale , bat it may be re- 

medied by a double Proportion by the rezſon before delivered for 

introducing the Radius into a Proportion wherein it is cot ingredi- 

ent, 

As the Ra'ima, To the T angent of one of the-mid.ll: Tearms : 

So the T argent of the ether mid ile Tearm, To @ fourth Tangent: 
Ap:1n, ; 

As the Radins, To that fourth No t 

So # the Cotangent of he firſt Tearm, 

To the Tangent of the fourth Ark ſoug't. 


The Radius may be otherways introduced into a Proportion then 
here is done , but not conducing to this preſent purpoſe, and chere- 
fore not mentioned till there be uſe of it, which will be upon the 
backſide of a great Quadrant of a different contrivance from this , 
upon which this trouble with the Tangerits will be hunned. 


An E xample for this Caſe, 


As the T angent of 65*, ToTangent of 24 : 
So the Tangent of 20', To what Tangent ? the Proportion will 
find 4, £9. 


D;vided into two Proportions will be, 
A! Radins, ToTangent 24 : SoTangent of 20', Toafonrth, the 
quantity whereof need not be meaſuced. 


Apain. 

As Radima, To that fourth: * the T avgent of 25 \, the Comple- 

ment of the firſt Tearm, To che Tangent of $* 2F, the fourth 
- Tangent ſought. 
Operation. 

Firſt enter the Tangent of 244 on the Radius or Tangent of 45* 
laying the Thread to the other foot , then take the neareſt diſtance 
to it from 20', and enter tha t extent at 45, laying the Thread » 

the 
\% 
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the other foot,then will the neareſt Giſtance from 254, to the Thread 
if meaſurcd from the Center be the Tangent of 5* 2c ſought. 


T he ſecond Caſe ts n hen the firſt Tearm of the Proportion is leſs then 
the Complement of the Scale wanting, and the t\vo midile Tearms 
greater then the length of the Scales | 

This ariſerh from the former , for if the Tearms given were the 

Complements of thoſe in the former Example,they would be apree- 

able to this Caſe, apd ſo no further direQion is needful about them, 

for the Tangent ſought would be the Complement of that there 

found, namely 84' 34. 

Hence it may be obſerved , that a Table of natural Tangents only 
ro 45%, ora Line of natural Tangents only to 454 may ſerve to ope- 
race any Proportion in Tangents whatſoever. 


To Propzrt'on ont a T angent lo any Radins, 


Enter the le:gth of the Racius propoſed upon the Tangent of 45? 
ard to the other foot of the Compaſſes lay the Thread according to 
the nearelt diſtance,then if the reſpective neareſt diſt ances from each 
degree of the Targents to the-Thread be taken out they (hal be Tan- 
gents to the aſligned Radius : | 

Becauſe the Tangents run but to 634 26' whereas there may be 
occsſion in ſome declining Dyalls to ufe them to 75 4 though ſeldom 
further ; to ſupply this defet, they may be ſuppoſed to break off ar 
60 and be ſupplied in a Line by themſelves not iſſuing frem the Cen- 
cer, or only pricks or full. points made at each quarter of an hour, 
for the 5 ® hour , that is, from 60! ro 75, and fo theſe diftances 
prickt agzin from the Center as here is done, either one way or 0- 

£her, the Proportion will hold, 


eA's the common Radins of the T augentt, 

Is ro any other Aſſigned Radins : 

Sou the difference of any two T angents ro the con mos. Radigng, 

To t!4tir Proj ortional difference in that Aſſigned Radius, 

And ſo having Proportioned out the firtt = hours, the 5*" hour 


. may be likewiſe Proportioned ont and pricked forward in one con- 
tinued ftreight Line from the end of the 4** hour. 


Ti 
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To work Proportions in Sines and Tangent by help of the Limb 
and Line of Tangents i[uirg from the Center. 


Y this work may be better don? on the backſide where the 

Tangents Iye in the Limb, andthe S.nes ifſue from the Center, 
and where alſo there is a Secane meet for the varying of ſome Pro» 
portions that may excur , zet they may be alo performed here ſup. 
poſing the Radius introduced into any Proportion wherein it is not 
ingredient, the two middle Tearms not being of the ſame kind as 
both Tangents or both Sines, 


To find the 4* Proportional if it be a Sine, 


Lay the Thread to the Sire in the Limb being one of the middle 
Tearms , and from the Tangent being the other middle Tearm rake 
the neareſt diſtance to it, then entcing this extent upon the firſt 
Tearm being a Tangent lay the Thread co the other foor, and in the 
equal Limbir ſhews the Sine ſought, 

So if the Exam;le were, 
Ai the Tangent of 504, Tothe Sine of 40\t Soy the Tangent of 
36', Toa Sine, tbe 4* Proportion would be found to be the Sine 
of 24, 4. 


If aT angent be ſought. 


Lay the Thread to the Sine in the Limb being one of the middle 
Tearms, and from the Tangent being the other middle Tearm,rtake 
the neareſt diftance to it, then lay the Thread to the firlt Tearm in 
the Limb, and the former extent entred between the Scale and the 
Thread finds the Tangent, being the 4th Proportional (ought. 


If th: Example were, 
As the Sine of 49%, To the T angent of 50': Ss i rhe Sine of 23% 4 
To a fonrth a T angent , it would be found to be the T angent of 36 . 
Theſe DireRions preſuppoſe the varying of the Proportion, as to 
the two Tangents, whea either of them will excur the lengeb \- on 
y- Cale ' 
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Scale, of which more when I come to treat of the joint uſe of the 
Sines and Tangents on the backſide. 

If both the middle Tearms be Sines, the 1k Operation will be 
wholly on the Line of Sines on the backſide, by introducing the Ra. 
divs, and the ſecond upon the Line of Tangents on the foreſide,like- 
wiſe, if both the middle Tearms were Tangents, the firft Operation 
would be on the Line of Tanpents jon the forcſide, and the ſecond 
on the Line of Sines on the backſide; bur this is likewife pretermit- 
red for the preſent , for ſuch Caſes will ſeldom be redtcible to pra- 
Riſe. 


To work Proportions in equal Parts and Targents. 


Becauſe tbe Lines to perform this work do both iſſue from the 
Center, the Radius need not be introduced in this Caſe ; bur here 
it muſt be known whether the firſt or ſecond Tearm of the Propor- 
tion taken out of its proper Scale be the longer of the two, and ac- 
cordingly the work to be performed on the Scale of the longer 
Tearm,which ſhall be illuſtrated only by a few Examples,the ground 
of what can be ſaid being already laid down. 


Example. To find rhe Suns Altitnle, the length of the Gnow on or 
Per pendicular b:ing afſigned, and th: length of s's Sha- 
dow meaſured, 


As the l: ugth of the Shadow. 
Is tothe Raditts * Sous the length of the Gmomon, 
Tothe T angent of the Suns Altitude. 


E xampl*, 

If the lzngth of the Shaddow were 8 foot , and the length of the 
Gnomon bat 5 foot , becaule 8 of che greater diviſions of the equal 
parts are longer then the Tangent of 45* cake the ſaid Tangent or 
Radius, and enter it at8, laying the Thread to the other foot, then 
the neareſt diftance from 5 of che equal parts to the Thread meaſu- 
red on the Tangents ſhewetk 32 for the Suns Altitude ſought. 

So the diltance from a Tower and its Altitude being obſerved the 
P:oportion, to get the height of cke Tower is, 


eMHs 
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As the Rading , To the meaſured diſtance: So the Tangent of th: 

eAltitude, To the height of the Tower. 

So in the Example in Page 38, the meaſured diſtance K B was 100 
yards, and the Altitude 43* 5&/ to find the height of the Tower 
take the Tangent of 454, andenter it on 10 at the end of the equal 
Scale, laying the Thread to the other foot, then take the Tangent 
of 43d 5&9, andenter it between the Scale and the Thread, and the 
Compaſles will reft at 96the height of the Tower in yards , ſome» 
times each grand diviſion of the equal Scsle muſt repreſent but one 
ſometimes 10, and ſometimes 1co, as in Caſe LB, and the Altitude 
thereto were given to find the height aſligned. 


Anoth r F xample, 
eAs the Tangent of 64 , I: to50: Sou the Tangent of 4cd, 
To 24 | 2 8s before. 

Take 50 equal parts, and enter it upon the Tangent of &c4 lay- 
ing the Thread to the other foot, thenthe neareſt diſtance from the 
Tangent of 404 to the Thread meaſured onthe equal parts from the 
Center will be 24 | 2 as before. 


Otherwiſe, 

Enter the Tangznt of 404 upon the Tangent of &04 laying the 
Thread to the other foot , then enter 50 equal parts down the Line 
of Tangents from the Center , and the neareſt diſtance from the ter- 
mination tothe Thread mea{ured in the equal parts will be 24 , 2 as 
before. 

If both the Tangents in any Proportion be too long, they may be 
changed into their Complements if one of them may an\ the oche- 
may not be ſo changed without excurſion, then the Proportion may 
be wrought by the Pen, taking the Tangents out of the Quadrat 3nd 
Shaddows , or it may be made two Proportions by introducing the 
Radius as before (hewed; it will not be needful to ſpeak more to 
this, only one Example for obtaiving the Altitude of a Tower at two 
Stations, | 


es the diffcrexce of the Cotangents of the Arky cnt at either Sta- 
tions : 1s to Radins : So the diſtance between thoſe Stations: To 
the Altitude of the Tower, 


þ * Ja 
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In the Diagram for this Caſe the Complements of the angles ob- 
ſerved at the two Stations, viz at G were 204, at H414 3 1/, 
Take the diftance on the Line of Tangents between theſe two Arks, 
and becauſe qual parts are ſought, and the ſaid Extent lefs then 50, 
the meaſured diftance changing the ſecond Tearm of the Proportion 
into the place of the third , Enter che ſaid Extent upon 50 in the 
equal parts, laying the Thread to the other fo-t , then if the Tan-' 
gent of 454 be entred between the Scale and the Thread, the Com- 
paſſes will reft vupgn 96 for the Aititude ſought, 


To work Proportions in ' qual Parts and Sin's by help of the 
mb. 


[ 


T O ſuppoſe both the middle Tearms to be either equal Purts or” 
Sines, will not be practical, yer may be performed as before 
hinted, without introducing the Radius, if it be not ingredi- 

ent, becauſe both theſe Lines iſſue from the Center, and 
way alſo be performed by the Pen by mesfuring the Sines one the 
Line of cqual parts, as was inftanced in page 4 t 


But ſuppoſing the middle Tearms of a different kind. 


I. If a Sine be ſought, Operate by introducing the Radius. 
Lay the Thread to the Sire in the Limb being one of the middle 
Tearms; and fom the other middle Tearm being equal parts, rake 


the. neareft diſtance to it , one foot of this extent enter at the firſt | 
Tearm + 
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Tearm, andthe Thread laid co the other foot cuts the Limb at the 
Ark ſought. 
If the Ark ſought be above 704 this work may better be perform- 
no the Line of equal parts and Sines jointly , as iſſuing from the 
enter, 


2, If a Number be ſought, 


Lay the Thread to the Sine in the Limb being one of the middle 
Tearms, and from the other middle Tearm being equal parts take 
the neareſt diſtance toit, Then lay the Thread to the firſt Tearm 
inthe Limb being a ſine , and enter the former extent between the 
Scale and the Thread,and the foot of the Compaſſes will on the Line 
of equal parts ſhew the fourth Proportion3l. 

The Proportion for finding the. Altitude of a Tower at one Sta- 
a by the meaſured diftance, may alſo be wrought in in equal parts 
and Sines. 


For, As the Cofone of the Ark at firſt Stati n, 

To the mtaſured diſtance thereof from the Tower : 
So « the Sine of the ſaid Ark, 

Tothe Altitnde of the Tower. 


In that former Scheme, the meaſured diſtance BH is 85, and 
the angle obſerved at H 48d 29/ 

Wherefore I lay the Thread to the Sine of the ſaid Ark inthe 
Limb, counted from the right edge, and from the meaſured diftance 
in the equal parts take the reareſt extent to the Thread, then laying 
the Thread ro the Cofine of the faid Ark inthe Limb , and entring 
the former extent berween the Thread and the Scale, I ſhall find che 
foot of the Compaſſes to fall upon 96 the Alticude fought. 

So alſo inthe Triargle ACB, if there were given the fide A C 
194, the meaſured diftance between rwo Stations on the Wall of a 
Tow belieged , and the obſerved angles at A 254 22/, arC 1134 
22/, if B were a Battery we might byithis work tind the diftance of 
it from either A or C, tor having two angles given all the there are 
even, it therefore holds, 


X 2 As 
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As th Sine of the angle ot B41d10/, 
Torts oppoſite fide AC 194; 
So the Jine of the' an gle «rt C 664, 38/ the Complement, 
Toits Oppoſi : fie B A 270, the diſtance of the 'Bartery from A- 


C 
= 
67 
Y 0 
WAY : ! 
B 270 A 


Such Proportions as bave the Radius in them will be more eaſily 
wrought, we ſhall give ſome few Examples in Uſe in Navigation, 


1. To find bow many Miles or Lrarurs in each Parralel of Lati- 
tude anſwer te ont degree of Longitude. | 


As the Riiiiu, To the Coſune of the Lati: u le. 
$2 t4* number of Miles in a degree in the Equiniflial, 
Toihe Number of Miles in the Parralcl. 


Soin51d32/ of Latitude if 60 Miles anſwer to a degree in the- 
EquinoRial 37 | 3 Mi'es ſhall anſwer to one degree in this Parralel. 

This is wrought by laying the Thread to 514 32' in the Limb from 
theleft edge towards the right , then take the neareft diſtance to it 
from 60in the equal parts which meaſured from the Center will bs 
found to reach to 37 | 3 3s before. 

The reaſon of this facil Operation is becauſe the neareſt diſtance 
from the end of the Line of equal parts tothe Threads equal to the 
Coſine of the Latitude, the Scale it ſelf being equal to the Raduus, 
and-therefore needs not be taken out of a Scale of Sines and entred 
vpon the firſt Tearm the Radius as in other Proportions in Sines of 
of the greater to tie leſs, phen wrought upon a ſingle Line only iſſu- 
ing from the Center, where the ſecond Tearm mult be taken out of a - 
Scale, and entred vpon the firſt Tearm. By 

: 2. The: 
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2, Thi Conrſe and Diſtance given to find the difference of Lati« 
tude in Leagues or Miles, 


At the Radima, To the (ofine of the Rumb from the Meridian : 
So the Diſt ance ſailed, Toth difference of La itn: in like parts. 


Example. 

A Ship failedSW by W, thatis on a Rumb 564 15/ from the 
Meridian 60 Miles, the difference of Latitude in Miles will be found 
to be 33 | 3 the Operation being all one with the former, Lay the 
Thread to the Rumb'in the Limb , and from 60 take the neareſt di- 
_ to it, which meaſured inthe Scale of equal parts will be found 
as before, 


3. The Conrſe and Diſtance given to find the Departnre from 
the Meridian, alias the Variation. 


As the Radins, To the Sint of the Rumb from the Meridian : 

So the diftaxce Sailed, To the Departure from the Meridian, 

In the former Example to find the Departure from the Meridian, 
Lay the Thread to the Ramb counted from the right edge towards 
the lefc,that is ro 56 15” ſo counted, and from 60 in the equal parts 
bring the Miles Sailed, take the neareſt diſtance toit; this exrene 
meaſured in the ſaid Scale will be found to be 49 | 9 Miles, and ſoif 
the converſe of this were to be wrought,it is evident that the Miles of 
Departure muſt be raken our of the Scale of equal parts and evtred 
Parralelly be:ween the Scile and the Thread lying over the Rumb. 

Many more Examples and Propoſitions might be illuſtrated, bur 
theſe are ſufficient, thoſe that wonld uſe a Quadrant for this purpoſe 
may have the Rumbs traced out 0: prickt upon the Limb : Now we 
repair to the backſide of the Quadravt, 


of 
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Of the Line of on the right Edge of the 


Backside. 


He Uſes of this Line are manifold in Dyalling in drawing Pro- 
jeRions in wor king Proportions, &c. 


1. Totake of a Proportional Sine to any leſſer Rains they the fide 
of the Quadrant , or which us all one, ta divide any Line ſhorter 
in length then the whole Line of $ ines in ſuch manner as the ſame 


# divided. 


Enter the length of the Line propoſed at god the end of the Scale 
of Sines , and to the other foot lay the Thread according to neareſt 
" Piftance , or mealure the length of the.Line propoſed on the Line 
of Sines from the Center, and obſerve to what Sine it is equal , then 
lay the Thread over the like Arch in the Limb, and the neareſt gi- 
ſtances to it from each degree of the Line of Siges ſhall be the -Pro- 
porcional parts ſought. 
And if the Thread be laid over 3od of the Limbe the neareſt di. 
ſtanges to it will be Sines to half the Common Radius. 


2. From a Line of Sines to take off a Taugent, the Proportion to 
01t 55, 

As the ( ofine of «n Arch, To the Radiusof the Line pr-poſed: 

So the Sine of th; ſaid Arch, To the Tangent of the ſaid Arch, 


Enter the Radius of the Tangent propoſed at theCofive of the given 
Arch,and to the other foot !ay the | bread then from the S'ne ot thar 
Arch take the neareſt diftance co the Thread, this extent is the lengeh 

of the Tangent ſought; thus to get the Tangent of 20d enter the 
R2dius propoſed at the Sine of 70d, then take the neareſt diftance 
to the | bread from the Sine of 204, this exterit is the Targent of the 
faid Arch in reference to the limited Racius, 

Other- 


> 


of the Line of Sines,. | 59 
Otherways by the Limb. 


Lay the Thread to the Sine of chat Arch connted from the right 
edge wherets you would take out a Tangent, and enter the Radius 
propoſed down the Line of Sines from the Center and take the near- 
et diſtance to the Thread then lay the Thread to the like Arch from 
the left edge,and enter che exrent between the Scale and the Thread, 
the diſtance of the Foor-of the Compaſſes from the Center ſhall be 
the length of the Tangent required. 


3. From the Sine! to take off a Secant, 
The Proportion to'do it is, 
At the Coſine of the eArchpreprſed, To Radins of the Line propoſed 
So the Sine of 90d, the common Radius, To the length of the Se 
cant of chat Arch, tothe limitted Radins. 


By the Limb, 


Lay the Thread to that Arch in the Limb counted from left edge 
whereto you would take out a Secant , then enter the Limitted Ra» 
dius between the Scale and the Thread and the diftance of the foor 
of the Compaſſes from the Center ſhall be the length of the Secanr 
ſoughe, and the Converſe if a Secant and its Radius be given to find 
the Ark thereto enter the Secant af 904 then enter the Radius of ir 
berween the Thread and the Sines, and the Compaſſes ſhews the 
Ark thereto, it counted from 904 towards the Center. 


Orherways. 
Enter the R:dius of the Line you would devide into Secants at rhe 
Coſine of tha: Arch whereco you would take out a Secant , and to 
the other foot lay the Thread then the neareſt diſtance to the 
Thread from tl: Sine of 994 is the length of the Secant ſought: T hus 
to get the Secanr of 20d enter the Radivs limited in the Sine of 70d 
then the neareſt diſtance from 92d to the Thread, is the length of the 
Secant ſought. 
And bere it may be noted, that if you would have the whole length 
of the Line of Sines to repreſent the Secant ſought , thea the Coli pet 


=. 


160 of the Lint of Sines, 
of that Arch which it repreſents (hall be the Radivs to it; ſo the 
- whole Lind of Sines repreſenting a Secant of 704, the length of the 
Sire of 202 ſhall be the Radius thereto. 

It may alſo be obſerved, that no Tangent or Secant can be raken 
of at once larger then the Radins of the Q18adrant, nor no Radius 
entred longer then that is, and that if the Radius entred be in 


Length | | 63" 20 60! / 
_ z( of the ( Tanpents Socumrs 
'eSines (to 7" 3#C to dI2 
i 75 589) 75 32) maybe 


taken off by help of the Line of Sines. 

And here it may be obſeryed , That if the Targent and Secant of 
any Arch b2 added in one fireight Line or otherwiſe in Numbers , 
the Amount ſhall be equal'to the Tangent of ſuch Ark as ſhall biſe& 
the remaining part of the Quadrant, as is demonſtrated in Pitiſcxs & 
Entlliuss 

Wherce it follows , That if we have a Tangent and Secantano 
further then to 60d ezch,yet a Tangent by the joint uſe of both Lines 
may from them be prickt down to 754 : Wherefore at anty time to 
lengthen the Targents double the Arch propoſed y* and out of the 
Amount reje& 994; The Tangent and Secant of the remainder con- 
neRed in one ſtreight Sine (hall be the Tangent of the Arch ſought. 

Thus to get the Tangent of 70d the double is 1404 whence 90dre- 
jected refis 50d; the Tangent and Secant of 5cd joined in one 
{treight Line (all berhe Tangent of ſuch an Arch as biſeRs the re- 
mainin part of the Quadrant, namely of 704. 

It may alſo be oblerved, That the Tangent of an Ark, and the 
Tangent of half its Complement is equal to the Secant of that Arch 
as is obvious in drawing of any ProjeQion, 

A Chord may alſo be taken off from the Line of Sines , bnt more 
facilly by the Line ot Chords on the left edge of the Quadrant, and 
is therefore pretermitted. 


To work Projortions in Sines alone. 


Frft, Without the help of the Limb or leſſer Sines without intro- 
ducing the Radius, but vpon this Line alone independently, 


- There 


Of the Line of Sims, x61 

There will be two Caſes, 1. If the fir Tearm be preater then 
theſecond , the entrance is lateral; Enter the ſecond Tearm upon 
the firſt, laying the Thread to the other foot. 

Then from the third Tearm in the Scale take the neareſt diſtance 
tothe Thread, and meature that Extent from the Center , and it 
ſhews the Tearm ſought, and ſo if it were, 

As Sine 30", To Sine 10d; So Sine 80", the fourth Proportional 
would be found to be 264. 

In-giving Examples to illuſtrate the matter , I ſhall make uſe of 
that noted Canon for making the Tables, 

As the Semiradins , or Sine of 54, To the Sine of any Arch : So 

che (ofine of that Arch, To the Sine of that Arch doubled, 

But when the firſt Tearm is leſs then the ſecond, 

Enter the length off the firſt Tearm upon the ſecond, laying the 
Thread to the other foot of that Extent, then enter the third Tearm 
Parralelly between the Scale and the Thread, and ic ſhews the fourth 
Proportional ſought. 

So if it were, As the Sine of 10', To th: Sint of 304: Sothe Sine 

of wn To a fourth, the 4* Pcoportiona | would be found to be 
804, 


Another gentral way wil! be to do it by help of the Limb, by intro- 
ducing the Radins in ſuch Proportions wherein it is nos 


Lay the Thread to one of the middle Tearms inthe Limbe, and 
from the other middle Tearm on the Line of Sines take the nearett 
diſtance toit , then enter one foot of that extent at the firſt Tearm 
on the Line of Sines , and lay the Thread to the other foot, and in 
the Limbe it ſhews the 4" Proportional ſought, 


Exampl, 
Tf the threePcoportionals were , As Sine 55d, To Sine 70d: So 
Sine 30d, To a fourth, the fourth Proportional would be found 
to be 354. 

Bur if the firſt Tearm of the Proportion be either a ſmall Ark or 
the anſwer above 70d, the latter part of this general dire&ion for 
more certainty may be turned into a Parralel entrance, that is to 
ſay inſtead of entring the Extent _—_ from one of the - 

carms 


162” Of the Line of Sines, 

Tearms inthe Sines t© the Thread laid over the other middle Tearm 
in the Limb, and entring it at the firft Tearm in the Sines finding 
the Anſwer in the Limb lay, the Thread to the firſt Tearm in the 
Limb, end find the Anſwer in the Eine of Sines by, encring the for- 
mer extent parralelly between the Scale and the Thread. 

What hath been ſpoken concerning the Limb may alſo be per. 
ſormed by the Line of leſſer Sines in the Limb by the ſame DireQi- 
Ons... 

So if it were, As the Sineof 5', To Sine 30' :' So the Sine of 10? 
Toa ſourth, the 4'' Proportional would be fond to be the Sine of 
e5', andibe Operation beft per formed by the joint uſe of the Line 
of Sines , and the leſſer Sines by making the latter entrance a Parra- 
le] entrance. | 

Wt.cn the R2divs is in the third place cf a Proportion in Sines of a 
Sreater to 2 leſs the Operation is bat half ſo much as-when i is not 
i-gredient. 

E xan-p'e. 


As the C:ſine of th: Lati:ude, To the Sine of the Declination, 
$2 the Radits, Tothe Sine of the Suns Amplit ae. 


If the Sans declination were 13', to find kis Amplitude in our 
Latitude for {on4» , take the Sin2 of 134 and enter one foot of it 
0N the Sine of 38* 28” and to the other foot lay the Thread, and in 
the Limb it ſhews the Amplitude ſought to be 214 12/, 


By chwg.ns the plac's of th: to middle Tear *s , this Example 
will be turned into a Parralel entrance. 


L1y the Thread to the Complement of rhe Latitude inthe Limb, 
and enter the Sine of the Dzclination between it and the Scale, and 
you will find the ſame Ark in the Sines for che Amplitude ſought, as 
was before found in the Limb. ; 

Such Proportions of the greater to the leſs wherein the Radius is 
not ingredient, that have two fixed or conſtant Tearms , may be 
_ _ perforraed by the {i agle Line of Sines without the help 
OF the Lirob, - 


An 


of the Line of Sizes. ; 'T'83 
An Example for finding the Suns Amplitude; 


As the Coſine of tha Latitude, To the Sine of the Sung gvtareſt dex 
clination : 
Fo the Sine of the Suns diſtance from the next Equinolial Point, 
' To the Sine of the Suns Amplitude. 


Becauſe the two firſt Tearms of this Proportion are fixed,the Am- 
plitude anſwerable to every degree of the Suns place may be found 
without removing the Thread ; To do it enter the Sine of the Suns 
greateſt Declination 23' 31/, at the Sine of the Latitudes Compte- 
ment, and tothe other foot lay the Thread , where keep it without 
alteration , then for every degree of the Suns place counted io the 
Sines take the neareſt diſtanceto the Thread, and meaſure thoſe ex- 
tents down the Line of Sines from the Center , and you will find the 
correſpondent Amplitudes. 


Example, 


'Sowhen the Sun enters 5 77? 1 2, his EquinoRia] diſtance be- 
ing 304, the Amplitude will be 18d 41/, and when he enters 1! 4 
2 & Equinox diftance 604, the Amplitude will be 334 42/; and 
when be enters S v> the greateſt Amplitude will be 39! 59/, his di- 
ſtance from the neareſt EquinoRtial Point being 904. 

But for ſuch Proportions in which there is not two fixed Tearms» 
the beſt way ro Operate them will be by che joint help of the Limbe 
and Line of Sines, | 


An Example for finting the Time of the day the Suns Azimuth 
Declination and Altitude being. given. 


_ Bythe Suns Azimuth is meant the angle thereof from the mid- 
night part of the Meridian, the Proportion is 


Alt the Coſine of the Decline'ion, To the Sint of the Azimuth : 
So - C fon of the Suns Altitude, To the Sine of the howr from the 
(V1IM1AN, : 


Y 2 Example. 


164 Of the Line of Sins. 
Example. : 

So when the Sun hath 184 37' North Declination, if his Azimuth 
be 694 from the Meridian, and the Altitude 394, the hour will be 
tound to be 494 58 from Noon, 

So if there were given the Hour, the Declination and Altitude by 
tranſpoſing the Ocder of the former Proportion, ic will hold to find 
the Azimuth, 

As the Coſine of the Suns Altitude, Toth: Sine of the hour from 

the Meridian : 

So the Cifine of the Suns D:clination, To the Sine of the' Azimmth 

from the Meridian. 

Commonly in both theſe Caſes the Latit:de is alſo known, and the 
Aﬀectionis to be determined according to Rules tormerly given, 

A Proportion wholly in Secants we have ſh2wed before may be 
changed wholly into Sines ; bur the like mucual converſion of the 
Sines into Tangents is not yer known , however it may be done in 

$9 py5 of the 16 Caſes wherein the Radius is ingredient , for inſtance, 
let the Proportion be to fiad the time of S :n r. ling. 


As Radirs , To Tangent of Latiunde: $0 the Tangent of the De- 
clinaticn, To the $'ne of the hour from 6. 


Inſtead of the two firſt Tezrms it may be; 
fs the Coſine of the L atitnde, T's the Sine of the Lati ude , then in- 
ſtead of the Tangent of the D:clination ſay, So & the Sine here- 
of tra {ourth. 
Apg21n, 
{5 the Coſine of the De linat on, To that fourth: $9 Radius , T1 
the Sine of the kour fr. m {ix 3 This being derived from the Ana- 
lemmd by -Tcfolving a Triarg'e , one (ide whereof is the Arch of a 
I:ſſer Circle. 

Ita Quadrant want Tangents or Secarts ia the Limb, but may ad- 
mit of a Sine from the Center, the Tangent and Secant of the Lati- 
tude, cc, may be taken out by what hath b&n aſſerted , to half the 
common Radius, and marked on the Limb, and the Qaadrant there- 
by fitted to perform moſt of che Propoficions of the Sphex*e in one 
Lacitude, and bow to ſupply the.DefeR of-a Line of Verſed Sinevin 
the Limb (ball afterwards be ſhewne. 

What 


"a 


Of the equal Limb, 165 

What hath been ſpoken concerning a Line of Sines graduated on 
a Quadrant from the Center, may by help of the equal Limb be per- 
formed without it. ; 


1. A Proportional Sine may be taken off ro any diminutive 
Rading, 


2 
/ / hy Ie \ 


/ i 


Go I 

By the Definition of Sines the right Sine of an Arch is a Line fall- 
ivg from the end of that Arch Perpendicularly to the Radius drawh 
to the other end of the ſaid Arch; 

So the Line H K falling Perpendicularly on the Radius F G (hall 
be the Sine ofthe ArchHG, and by the ame Definition the Line 
G1 falling perpendicularly on the R1dius F H (hall alſo be the Sine 
of the ſaid Arch , and whether the Radius be bigger or leſſer , this 
Definition is common, but the Line G I on a Quadrant repreſents 
the neareſt diſtance from the Radius to the Thread, therefore a Sine 
may be taken off from the Limb ro any Diminutive Radius, to per» 
form which, 

Enter the length or Radius propoſed down the- (treight Line that 
comes from the Center of the Quadrant, and limits the Limb; ob- 
ſerve where the Compaſſes reſts , this 1 call the fixed Point, becauſe 
the Compaſſes mult be ſer down at ic, at every taking off, then to 
takeoff the Sine of any Arch to that Radius, lay the Thread over 
the Arch counted inthe'Limb from the ſaid- edge of the Quadrant, 
and take the neareft diſtance to it for the length of the Sine (ought : 


'But-t9 take out Sines to. the Radius of the graduated Limb fet down 
.one foot atthe Ark in the Limb, and take the'nearelt diſtance to the 
two edge Lines of the Limb, the one ſhall be the Sine,the other _ 


ſine of the ſaid Ark, 


x66 of the Lines in the Limbs. 


2: aA Propyrtion in Sinv4 alone may be wrought by help of 
the Limbe. 
Tke out one of the middle Tearms by the former Prop. and en: 
tring it down the right edge from the Center , take the neareſt di- 
| ſtanceto the Thread laid over the other middle. Tearm in the Limbe, 
counted from right edge, then lay the Thread to the firſt Tearmin 
the Limb, and enter that extent between the right edge Line and the 
Thread, the diſtance of the foot of the Compaſſes from the Center, 
is the length of the Sine ſought, to be meaſured in the Limb by en- 
tring one foot of that Extent in it : So that the other turned about 
may bur juft touch one of the edge or {ide Lines of the Limb iſſuing 
from the Center , or enter that.Extent at the concurrence of the 
Limbe with the ſaid Line, and lay the Thread to the other foot ac- 
cording to the neareſt diſtance, and in the Limbe it ſhews the Ark 
ſought : Whence may be obſerved how to prick of an angle by Sines 
inſtead of Chords. . 
From this and ſome other following Propoſitions 'I aſſert the 
Hour and Azimuth may be found generally by the ſole hel p of the 
Limb of a Quadrant without Protraction. 


—— 


How from the Lines inſcribed in the Limbe to take off 4 Sint, 
Tangent, Secant and Verſed Sine to any Radins, if leſs then 
half the common Radius of the Quadrant, 


T hath been aſſerted, that a Sine mzy be taken off from the Limb, 
and by couſequence any other Line there pur on ; for by being 
carried thither they are converted into Sines, and put on in the ſame 
manner, tor by the Definition of Sines, if Lines were carryed Par- 
ralel ro the right edge of the Quadrant from the «qual degrees of the 
Limb to the left edge they would there conſtitute a Line of Sines and 
the Converſe. ; 
To find the fixed Point enter the Radius propoſed twice down 
the Lice of Sines from the Center, or which is all one, Lay 


the 


T 8 takt off Lines from the Limbe, 167 
the Thread over 3od of the Limb connted from the right edge to- 
wards the left, and enter the limitred Redivs between the Thread 
and the Scale ; fo that one foot turned about may joft rouch the 
Thread , and the other refting on the Line of Sines, (hews the fix- 
ed Point ,- at which if the Compaſſes be stways fer down , ard the 
Thread laid over aty Ark in the Tangent, Secant or leſſer Sines, the 
neareſt diſtances from the ſaid Point to the Thread ſhall be che Sine, 
Tangent, Szcant, of the ſaid Ark to the limitted Radius. 

But for ſuch Lines as are put onto the common Radius , as the 
Tangent of 454d, &c. the Rid'vs is to be entred but once down from 
the Center to find the fixed Poinr. 


Of the Line of Secants. 


This Line ſing!y conſidered is of ſmall uſe, but junRim with other 
Lines of great uſe for the general finding the Hour and Az'math : 
Mc Fofter makes uſe of it in his P-ſth»ma to graduate the Meridian 
Line of a Mercators Chart, which is done by the perpetual addition 
of Secants,and the like may be done from this Line lying in the Limb 
but a better way wil be to do it from # well graduated Meridian Line 
by doubling or tolding the edge of the Chard thereto, and ſo gradu- 
ate it by the Pen, 

O/ the Line of T anzents. 


The joint uſe of this Line with the Line of Sines is to work Pro- 
portions in Sines and Tangents, in any Proportion wrought by help 
of Lines in the Limb wherein the Radius is not ingredient, the Radi- 
us muſt be introduced according to the general Direion. 

If the two middle Tearms be Sines chere muſt be one Proportion 
wrought wholly on the Line of Sines on the Backſide ; and another 
a = Line of Tangents on the foreſide ; but ſuch Caſes are not 
uſual : 

Bat if the two middle Fearms be Tangents, the fiſt Operation - 
muſt be on the line of Tangents 0n the foreſide , and the latter 0n 
the line of Sines on this backſide,unleſs tbe Radius be ingredient. 


A general Direfion 10'work, Propy tions When the mid ite Tearms ' 
are of a «ifferem; Species; 


If a Sine be ſought, Lay 


168 Of Proportions tn Sines andTangents, 


Lay the Thread to the Tangent in the Limb being one of the mid- 
dle Terms,and from the Sine being another of the middle Terms take 
the neareft diftance tot , then lay the Thread to the other Tangent 
in the Limb, being the firſt Tearm, and enter the former extent be- 
rween the Scale and the Thread , and the foot of the Compaſſes on 
the Line of Sines will ſkew the fourth Proportional, 


E xample. 


If the Proportion were, «fs the Tangent of 30d, To the Sine of 25' 

Sou the T augent of 20d, To the Sine of 15d 37. 

Lay the Thread over the Tangent of 204 in the Limb, and from. 
the Sine of. 25d take the neareft diſtance to it, then lay the Thread 
to the Tangent of 304, and the former extent ſo entred that one 
foot reſting on the Sines , the other foot turned about may but juſt 
rouch the Thread , andthe refting foot will ſhew 154 27 for the 
Sine ſought. 


2. If a Tangent be ſought. 

Lay the Thread to the Tangent being one of the middle Tearms, 
and from the other middle Tearm being a Sine take the neareſt di- 
ſtance thereto, then Enter one foot of that extent atthe firſt Tearm' 
being a Sine, and the Thread {aid co the other foot ſhews the fourth 
Proportional inthe Line of Tangents in the Limb, 


Example. 


So if the Proportion were , es the Sine of 25d, To the Tangent 
of 30a : So w 1he Sine of 32d, ToaT axgent , the fourth Proportio- 
nal would be found to be the Tangent of 35d 54/. 

If the anſwer fall near the end of the Scale of Tangents, the latter 
entrance may be made by laying the Thread to the firſt Tearm in 
the Limb, and bya Parralel entrance an Ark found on the Line of 
Sines, then if the Thread be laid over the like Ark ia the Limb it will 
interſe@& the Tangent ſought. 

Theſe Directions preſuppoſe the varying of the Proportion when 
the Tangens excur the length of the Scale, according to the DireRi- 
ons in the Trigon: metrical part ; but as before ſuggeſted , thoſe Di- 
recions 


| Df Proporete 83 iy Sines dud Tug Outs. T6s 
\ reQions acel t when one of the Tearms or Tangents are leſs 
rhen'rhe”, of the Scale wantireg , and the other 

rheo the length of the Scate ,- for rwo. ſuch Arks cannor be > — 
into their Complements without ftill incurring the ſame. inconveni- 
ence 3 in this Caſe only change the greater Tearm , which may be 
done by help of the Line of Secants, for, 


At th: Tangent of an Arch, Tothe Sine of anocher Arch; | 

So # the Coſerant of rhe latter Arch, To the Cotangent of th: far- 
: And by Tranſpoſing the Ocder of the Tearms. 

At a Sine, To aT angent : | 

So the Cotangent of the latter Arth, To rhe Coſecant of the former. 


E xample. 


If the Proportion were, es the Sine of 84, 7 « the T angent of 257 
So u the Sine of 64, To the Tangent of 71* : Here we: might fore. 
know by the nacore of the Tears that the Tangent fought! would 
be large or finde by tryal tha ir cannot be wrought opon the 
Quadrant : We may therefore vary it thus, es the T avgen; of 25: 
To the Sine of $: So the Srcantof 30H, Tothe Tangent of 19', "the 
Complement of 714, the Arch ſought, 

Lay the Thread over $ in the lefler Sines , and ſet down one foot 
of the Compaſſes art the Sine of the fame Arch the Thread lyes'ovec 
inthe Lib ; and cake the neareſt diftance t6 the Thread laid over 
the Secant of 30, then lay the Thread to the Tangent of 25*, and 
enter the former extent betweert the” Thread and the Line of Sioes , 
and the diftance of the foot of the Compaiſles from che Center mea- 
ſured on the Tangents on the foreſideſhewerk 1 94. 

But a more general Caution in this Caſe without the help of the 
Secants, would be by atrring the larger Tangent into its Comple- 
ment by introducing the Radius, and operating the Proportion on 
the greater Tangent of 45% 

Ifthe Proportion were, 

.  eArthe Tangent of 70d, To the Sine of 60d: 
 Jothe Tangent of 25d, Tothe _- of 8427. 


44 
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By ———_—__ Ridius at two Qperations.it would be eaſily 
wrought, fr Radix, Tv Tangent 254, $0 Sine604,. Toa fourth, 

Apain, Ar the Rudinas' Tothe Tangent of 20d: So that fourth, 
Ts the Sine ſought. | 

So the former Example wherein a-Tangent is ſought may be like- 
wiſe varied. | 

As Radics, ToT angent 25d: So Sine 60d, To a fourth, 

Again, "Arthas fowrrh,” To-tht Radius: So is the Sine of 8d, Th 
the (or angent of the Arch ſought , namely tothe Tangent of 19' a 


before. 
Two Proportions with the Radius in each are as-ſuddenly done as 
one without the Radius, 
s | Operation. 


Lay the Thread over the Tangent of 25'in the greater Tangents, 
and from the Sine of 6c4 take the neareſt diſtance to it, enter that 
extent at go , or the end of the Line of Sines , laying the Thread to 
the other foot according to the-nearett diſtance, then enter the Sine 
of 8 parrelelly;hetween che Seale and the Fhread and che diſtance of 
the foot of the Compaſſes: from the Center is the Tangent of the 
Complement of. the Ark ſought to-be meaſured in the greater Tan- 
gents by ſetting down one foot at 904, and the Thread laid to the 
other, accordingtbe neareft-will lye over the Tangent of 194. 


a0 OWOsd 79: 5 2635: 

1. AvEtample with theRadios iopredient and a Sine ſought, Date, 
Latitude and Decliogtion,to' findthe time when the Sun (ball be Ei 
or Weſt. 

As the Radia; Tothe Gotangent of the Latitud: : 
So the Tangent *f the Declixation, 
To the Sine of the hour frem 6; B 


To be wrought by the help of the leſſer Tangents. 


When the Radius comes firſt and two Tangents in the middle, 
change the largeſt Ark into its Complement to bring itinto the firſt - 
place, and the Radius into the ſecond; then take oug the Tangent of 

2 the other middle Ark , either from: the foreſide from the Sfale,, or 


out of the Limbþy ſetting one foot at the Sine of 904, and takivg - 
AS. * near 


A 5 -, Þ.c*; 


Of Proportions.in Sines and Tangents. '191 
neareſt diſtance to' thee Thread ſaid: over the Tangent given , then 
layipg'the- Thread to the Tangent of the firſt Ark, enter the former 
extent between the Scale and the Thread, and the foot of the Com- 
paſſes will ſhew the Sine ſought, 

Otherways the two middle Tearms being Tangents, as alſo when 
the firſt Tearm and one of the middle Tearms is a Tangent, change 
the Radius and one of thoſe Tangents into Sines. 4 


For, As the Radics, Tothe Tangent of any Ark: 
So #s the Coſine of the ſaid Ark, To the Sineghereof. 
And, As the T angent of any Ark, To Radius t 
So # the Sine of that eArk, To the Coſine thereef. , 


And ſo the former Proportion changed will be 
As the Sine of the Latitude, Ts the Coſine of the Latitude: 
So the Tangent of the Declin.tion, To the Sine of the hour from ſex, 
When the Sun ſhall be Eaſt or Weſt. 
| Example. 


If the Declination were 23* 3o/ North, in our Latititude of Low- 
din 51 32/ to find theSine ſought, Lay the Threid to the Tan- 
gent of the Declination in the Limb , and from the Complement of 
the Latitude in the Sines take the neareſt diftanceto it , then lay the 
Thread to the Sine of the Latitude in the lefſer 'Sines and enter the 
former extent berween the Thread and che Scale and the foot of the 
Compaſſes (hewerh the anſwer indegrees, if the Thread be laid ro 
the Ark found in the Limb ir there ſheweth it in Time ; So in this 
Example the time ſought is 204 14/, or in Time 1” 17 ” qefore 6-in 
the morning or after it in in the Evening. 


If the Latitude £nd Declination were given , T o find ghe Sun: 


Azimuth at the H mr of 6. 
Li 


As the Radina , To Coſine of the Latienls :. So the Tangent of the 
Sans D:clination , T o the T angent of bis Azimmih from the Þ tr- 
tical. 

In this Caſe a Tangent being the 4 © Tearm ſought, the Operation 

is very facil. 


Z 2 _ Lay 


172 Of Proportions, 8c; - 


Lay the Thread to the Tangeat 'of the Declination-ia the l&fſee - 


Tangents, and from the Coſine of the Latitude take the neareſt di» 
ſtance to it, and cither meaſure that extent on the Tangents on the 
foreſide , or ſer one foot of that extent upon the Sine of 90', and 
co the other lay the 1 hread and it will intecſet the Tangent ſou 
in the Limb : So in our Latitude when the Surhath 23+ 30 of 
— bis Azimuth at the hour.of 6 will be 154 # trom the Eaſt 
or Weſt. 

Another Example , So if the Suns diſtance from the neareſt Equi- 


noQial Point were 604, his righe Aſcenſion would be found to bc 


574d 48, 
The Proportion to perform this Propoſition is, 
A the Radine, To the Cufone of the Sunz great: ft Declination : 
8 the Tangent of the Suns diſt ance from the next Equinettial Point, 
- the Tangent of the Suns right Aſc nſron, or when the Tangents 
are large, 
As the Coſine of the Suns greateſt de. lination, To Rain : 
Ss the Cotangent of the Suns diftanze from the Equinsitial Point. 
To toe Cotangent of his right eAſcenfion. 


By what bath been ſaid it appears that the working Proportions 
by the natural Lines is more troubleſome then by che Logarithmica),. 


bowerver thistrouble wil be ſhunned in the uſe of the great Quadrant 
by help of the Circle on the backſide. 

I now come to ſhew how the Hour of the Day , and the Azimuth 
of the Sun may be found univerſally by the Lines on the Quadrant, 
which is the principal thing intended. 


The firſt Operats:# for the Hour will be to find what Altitude 
or Depreſſion the Sun ſhall have at the hour of 6. 


The Proportion to find it is, 
A's the Ralins, Tothe Sine of the Latitude * 
$9 the fine of the Sus Declination, 


7 «the ſing of the Altitnde ſought, 


Example, 


cn 3 05 mn T'a%. 
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| Soin Latitude 514d 32/, theSnos declination being 234 31/, To 
find his Altitude or qo at6, Lay the Thread to the Sine of 
the Latitude in the Limb , and from the ſine of the Suns Declination 
take the neareſt diftance to ie, which extent meaſured from the Cen- 
ter will be found to be 184 22/, 

This remains fixed for one Day , and therefore mult be recorded, 
or have a mark ſet to it. 

Afterwards the Proportion is, 
Arthe Cofne of the Declination, To the Secant of the Latitude, 
Or, As the Cofine of the Latitude , To the Secant of the Diclination : 

$0 in' Summer © the difference , but in Winter the Sum of the fines 
of the Suns propoſed or obſerved Altitude , and of his Altitude or 
D:preſiion at 6, 

To the Sin? of the houy from 6 towards Noon in Winter, as alſo in 
Summer when the Altitude is more then the Aititude of 6,otherways 
towards Midnight. | 

To Operate this. 

In Winter to the fine of che Suns Depreſſion at 6 , add the fine 
ef the Altitude propoſed , by ſetting down the extent hereof out- 
ward at the end of the former exrent ; in Sucamer take the diftance 
between the ſine of the Suns Alritade, and che ſine of his Ajtitude at 
6,ard enter either of theſe extents twice down the Line of fines from 
the Center, then lay the Thread to the Secant being one of the mid- 
dle Tearms , and take the neareſt diſtance to it. Laſtly, enter one 
foot of this extent at the firſt Tearm, being a Sine , and cothe other 
foot lay the Thread,and in the equal Limb ic (hews the tor from 6, 
which is accordingly numbred with bours. 

But when the Hour is neer Noon, the anſwer may be found in the 
Line of Sines wich more certainty by laying the Thread to the firft 
Tearm in the Limb, and entring the latter extent Parralelly between 
the Scale and the Thread, 

Otherways: 


Enter the aforeſaid ſur or difference of fines once down the Line 
of Sines from the Center, and laying the Thread tothe Secant, being 
one of the middle Tearms, take the neareſt diftance to it , then lay 


the I bread to the firſt Arkinche lefler ſines , and enter the former 
| extent: 
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extent between the Thread and the Scale, and the foot onthe Coms 
paſſes oh the Line ſheweth the Sine of the Hour, * 


Example. 


If the Altitude were 45* 42/, take the diftance between it and the 
ſine of 184 12/ before found enter this eXtent twice down the Line 
of ſines from the.Center , and laying the Thread over the Secant of 
514 32' taketheneareſt to it, then emring one foot of this extent 
at 66d 29 in the Line of Sines the Thread being laid to the other ac- 
cording to neareft diſtance will lye over 454d in the Limb'ſhewiog the 
hour to be either 9 in the morning , or 3 in the afternoon ,-and ſo it 
will be found alſo in the latter Operation by entring the ſirft extent 
once down the fines, and taking the diſtance to the Thread lyirg 
over the Secant of the Latitude, and then laying the Thread t0,664 
29 in the 55.5% and entring that extent between the Scale and the 
Thread. &*$42 (im & 


To find the Suns eAzimuth 


The firſt Operation will be to get the Suns Altitude in the Verti 
cal Circle, that is, bzing Eaft ar Weſt, 
* As the ſixe of the Latitnde, To Radins : 

Sou the Sine of the Declin. tion, 

To the ſine of the Altitud, 


So in our Latitude of Loyde» , when the Sun hath 23* 31/ of de- 
clination, his Vertical Altitude in Summer will be found to be 30' 39 
and ſo much is the Depreſlion when he hach as much South declina- 
gion, 

This found either by a Parrale] entrance on the Line of Sines by 
laying the Thread to the fine of the Latitude in the Limb , and en- 
tring the ſine of the Declination between the Scale and the Thread, 
or by a Lateral entrance in the Limbe changing the R:dius into the 
third place , and then enter the ſine of the Declination en the Sine 
of the Latitude, laying the Thread ro the other foot, and.in the Limb 
it ewes the Akitude ſought ;_bavipgifound this Ark ler it be re- 

corded 


C9 x 


General Proportions for the Hour & Aximuth, 175 


Corded or have a mark ſet to it, becauſe it remaing fixed for one Day ; 
afterwards the Proportion to be wrought is, + _—_ -” 


eA't the (ofint of the Altituie, To the Tangent of the Latitude : 
So in Summer is the aifference in Winter the ſum of the Sines of the 
Smps Altitude, and of his Vertical eAltitude or Depy: ſion : 
 Tethe Sine of the Azimnth from the Eaſt or Weſt towards n'0n Me- 
ridian in Winter as alſo in Summer , when the g ven Altitude is 
more then the Vertical A !tirmde, but if Iſs towards the Midnight 
Meridian. 
This Proportion may be wrought divers ways on the Quadrant 
after the ſame manner as the tormer, I (hill therefore illuſtrate ic dy 


ſome Examples. 
Declination 13%, Laticigude 514 32/, Vertical Altitude 16' 42/, 


P:opoſed Altitude in} Summer — 41, 53. 
Winter —————-—13 13 


Enter the aforeſaid ſum or difference of Sines twice down'from the 
Center ofthe Quadrani, and take the neareft diſtance to the Thread 
being laid over the Tangent of the Latitude , this extent ſet down ac 
the Cofine of the Altitude , and lay the Thread tothe other foot 
and inthe Limbe it ſhews che Azimuch ſoughe ; So in this Example 
the Azimuth will be found to be 4c9 both in Summer and Winter 
from Eaft or Weft towards Noon Meridian: | 


Otherways. 


Enter the aforeſaid ſum or difference of ſines but down from the 
Cencer , and take the neareſt diſtance to the Thread laid over the 
Tangent of the Latitude, then'lay che Thread co the Complement of 
the Alritude in the leſſer lines , and enter the former extent between 
the Scale and the Thread, and the anſwer will be given in the Line of 
Sines, ſuppoſing the decligation unchanged, if the Alticade were 
9g 21/ both for the Winter and the Summer Example, the Azimuth 
at Londow would be 9' 22 from the Eaſt or Weſt Northwards ia 


Summer, and 354Southwardsin Winter, 
Hitherto 
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-  Hitherro we fuppoſe the Latithde not to exceed Tengeh of the 
Tangents, whether ir doth or not this Propottion wary otherways 
wrought by changing the two firſt Tearms of it ; I of the Co- 
ſine of the Altirude ro the Tangent of the Latitude , we may ſay, 
As the (otangent of the Latitude, Ts the Secant of the Altitude : 

So when the Sun hath 234 31” of North Declination io 00r Lati- 
tude , and his Altitude 59d 7”, rake the diftance between the fine 
thereof and the ſine of 30d 39' the Altitude of Eaſt and enter jt once 
down from the Cen:er , and rake the neareft diftance to the Thread 
laid over the Secant of the Alticude, viz. 57d 7/, then lay the 
Thread to 384 2% in the Tangents, and enter the former extent 
between the, Scale and the Thread, and the Compaſſes on the 
Line of Sines will reft at 504d fer the Azimuth. from Eaft or Weſt 
Southwards, becauſe the Alcicude was more then the Vertical Alti- 
rude. 


OtherWvays Without the Secant in all Caſes by help of the greater 
T ang nt of 454, 


Enter the aforeſaid Sum or difference of the Sines Once down from 
che Center and lay the Thread co the Tangent or Cotangent of the 
Latitade in the greater Tangents, and take the neareſt diftance to it. 

Then for Lzticades under 45 | enter the former extent at the Come 
pletnent of the Altitude in the Line of Sines , and findthe anſwer in 
the Limb by laying che Thread to the other foot , or if it be more 
convenient make a Parralel entrance of it, and find the anſwer in the 
Sines as before hinted. | 

But for Latitudes above 454, firſt find a fourth by entring the 
fam or difference of ſines berween che Scale and the Thread , and 
chen it will bold , 4s the firſt Tear, To that fourth « So Radins, 
To the Sint of the Azimarh , and may be either a Lateral or Partalel 
entrance, according as it falls out , and asrhe Radius is put either in 
che ſecond or third place, in all thefe Direions the introducement 
of the Radius is ſuppoſed according ro to the general Advertiſe. 


ment, ; | 4 

The finding of [the Atnplitude this way ſeth the Vertical 
Altitude known, and then the Proportion derived from the Analem- 
ma, not from the 16 Caſes is, | 


At 
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A1 the Radine, To the Tangent of the Latitude, ; 
Fo the Sint of rhe Vertical Altitude , To the Sine of the Amplitu': : 


Sq alſo to find the time of Sun riſing. 
As the Coſine of the Declination, To Seeant of the Latitule : 
$9 the ſine of the Suns Altitnde at 6, To the Sine of the hour of ri/ing 


from ſix. 


To find the Suns Azimuth at ſix of the clock otherways then 
by the 16 Caſes. 


As the Coſine of the Suns Altitude at 6,To Tangent of the Latitude, 

So # the difference of the ſines of the Suns Altitude at 6, ana of hs 
Vertical Altitude, 

To the ſine of the Azimuth from the Vertical, 


To find the time when the Sun ſhall be due Eaſt or Weft. 


es Cofin' of the Diclination, To Secant of th! Latitude : 
So the difference of the Sines of the Stng Altitude at 6, andof by 
Vertical Altirude, Ts the Sine of the hour from 6, When the Sus 


ſhall be due Eaſt or Weſt. | 


Theſe Proportions derived from the Analemms, are general both 
| 8 forthe Sun and Stars in all Latirudes ; but when the Declination ei- 
ther of Sun or Stars exceed the Latitude of the place, this Proporti- 
on for finding the Azimuth cannot be at ſome times conveniently 
performed on a Quadrant , but muft be ſupplyed from another Pco- 
portion, whereot more hereaſter. 


Of the Hour and Azimuth Scales on the Edges of the Quadrant. 


Theſe Scales are ficted for the more ready findirg the Hour and 
Azimuth in one Latitude, beiog only co facilitate the tormer general 
Way. 

The Labour ſaved bereby is twofold , fi:ſt the Suns declination is 
graved againft the Suns Altieude of 6 in the Hour ſcale , and the faid 
Declinations continued at the other end of the ſaid hour Scale to = 

Aa 3005 
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the quantity of the Suns Depreſſion in Winter equal to his Altitude 
in Summer ; and ſecondly they are of « ficted length as was ſhewed 
in the Deſcription of the Quadrant, and thereby half the tcouble by 
iotroducing the Radius ſhunned. 


The Uſe of the Azimmth Scal-. 


T he Altitude and D clination of the Sun given to find his 
 24muth. 

Take the diſtance between the Suns Altitude in the Scale, and his 
Declination in Summer time in that Scale that Rtands adjoyning to 
the ſide; in Winter in that Scale that is continued the other way 
beyond che. beginning , and laying the Thread to the Complement 
of the Suns Altitude in the leſſer fines, which is double nambred, en- 
ter this extent between'the Scale and the Thread parralelly , and the 
foot of the Compaſſes ſheweth in the Line of Sines the Azimuth ac- 
cordingly, 

Declination 23d 31/, Altitude 47d 27/, the Azimuth thereto: 
would be 25d irom Eaft or Weſt in Summer , and if -the Altitude 
were 91 43/ in Winter the Azimuth thereto would be 3od either 
way from the Meridian. 

| And ſo when the Sun hath no Altitude, lay the Thread over god 
in the leſſer Sines and enter the extent from the beginning of the Azi- 
muth Scale ro the Declination, and you will finde the Amplitude 


which to this Declination will be 394 50. . 


T he V/es of the Hour Scale. 


To find the Hourof the Day. 


= the diftance between the Suns Altitude in the hour Scale, 
| & and his Declination proper to the ſeaſon of the year, then lay- 
ing the Thread to the Complement of the Suns. Declination in the 

lefler 
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leſſer ſines enter the former extent between theScale and the Thread 
and che foot of the Compaſſes ſheweth the fine of the hour; 


Example. 
Ifthe Declination were 134 North, and the Altitude 394 13/ take 
the diftance between itin the Scale and 134d inthe prickt Line, then 
laying the Thread to 774 io the leſfer fine enter that extent between 
the Scale and the Thread, and the refting foot will (hew 454 for the 
hour from 6 , that is either 9 in the forenoon, or 3 in the after- 
noon, 


The Converſe of th: former Propeſition will be to find the Suns 
Altitude on all Hours, | 


The Thread lying over the Complement of the Suns Declination 
inthe leſſer ſines from the ſine of the hour, take the neareſt diftance 
toit, then ſer down one foot of that extent in the hour Scale at the 
Declination, and the other will reach to the Alticude. 


E xamp! Lf 

At London, for theſe Scales are ficted thereto, I would find the 
Suns Altitude at the hours of 5 and at 7 in the morning in Summec 
when the Sun hath 234 31/ of Declination. 

Here laying the Thread to 23d 31/ the Suns declination from the 
end of the leſſer Sines being double numbred, from the ſine of 154, 
taking the neareſt diftance to it, ſet down one foor of this extent at 
23d 31/ the declination it reaches downwards to 94 30, and up- 
wards to 27d 23 the Suns Altitude at 5 and 7 a clock in the morn- 
ing in Summer. 

Another Example. 


Let it be required to find the Suns Altitudes at the hours of 10 or 
2 when his declination is 234 31/ both North and South. 

The Thread lying as before over the leſſer ſines take the neareſt 
diſtance to it from 60 in the fines , the ſaid extent ſer down at 234 
31/ inthe prickt Line reaches to 53d 44 for the Summer Alrti- 
rude,and being ſer down at 23* 31/ on the other or lower continued 
Line reaches to 10* 28/ for the wh Altitude. _ 

a 3 
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T he Hour may b: alſo ſound in the Ver/ed fines by ht ly of thi 
fitted hour Scale, 


Tske the diſtance between the S1ns Altitude, admit 364d 42/, and 
his Meridian Altirude to that Declination 614 59/, and enter one 
f>ot of this extent at the ſine of 664 29/ , and laying the Thread to - 
the other foot according to neareſt diftance and it will lye over the 
hours of $ in the morning, or 4 in the afternoon in the Verſed fines 
inthe Limb , and thereby alſo may the time of Suns riſing bs found 
by taking the diſtance from o to the Meridian Altitude and entring it 
a: the Coſine of the Declination as before and the Converſe will find 
rhe Suns Altirudes on all hours by taking the diſtance from the Co- 
fine of the Declination to the Thread laid -over the Verſed fine of 
the hour from Noon, and the ſaid Extent will reach from the M- 
ridian Alcicude in the fitted Scale to the Altitude ſought, 


To find the time of Sun riſing or ſetting, 


Lay the Thread over the Complement of the declination as before, 
inthe lefſer fine-,and enter cheextent between the © Altitude, which 
is nothing that is trom che begincing of the Hour Scale to the Decli- 
nation between the Scale and che Thread and the foot of the Come 
p3ffes ſhews it in the Line of fines, which may be converted into 
Time by help of the Limb. 

If theſe Scales be continued further in length as alſo the Declina- 
tions they will afcer che ſame manper find the Stars hour for any Star 
whatſoever to be conver:ed into Samsn Time, asin the noſes of the 
ProjeRion,as alſo the Azimuth of .any Star that hath leſs declination 
then the place hath Latitude, but'of this mote in the next Quadrant, 

In Dyalling there will be of:en uſe of natural ſines ; whereas theſe 
Scates are continued but to 624, if therefore it be deſired to take 
out any ſineto the fame Radius, the reft of the Scale wanting may be 
eaſily ſupplyed, forthe difference of the ſines.of any two Arks E£qui- 
diftant from 604is equal tothe ſihe of their diftance, ; 

Thus the fioe of 204 is equatto the differerice of the ſtnes of 40d 

and 804 Arks of like diftarice'from 604 on each ſide, and ſo may be 

- added either to 404d forwatd ,.or the'other way from the end of the 
Scale, | | In. 


In finding the Hour and Az'muth by theſe Scales, not ia the Ver- 
ſed (ines, the DireRions alrogetber preſcribe a Parralel entrance ; 
but if the Extent from the Alcicude to the Declination be entred ar 
the Coſine of the Alcitude or of the Declination in the Line of ſines 
according as the Caſe is, and the Thread laid ro the other foot, the 
Hour and Azimuth may be found in the leſſer ſines by a Lateral en- 
trance. 

Or if the ſeid Extent be doubled and entred as before hinted , the 
anſwer will be found in the equa] Limb. 


Exampl to find the Sunt Azimnth, 
Declination 23d 31/ North. 
Altitude—41 * 34 

Having taken the diſtance between theſe two Tearms in the Azi- 
muth Scale and doubled it, enter one foot in the Line of ſines at 484 
26/, the-Complement of the Alcitude, 8nd laying the Thread to the 
other according to neareft diſtance it will lye over 154 of the equal 
Limb for the Suns Azimuth from the Eaſt or Welt Southwards. 


The Uſe of the Verſed Sin's in the Limbe, 


It may be noted inthe former general Proportion, I have uſed 
the word Azimuth from Noon or Midnight Meridian, though not 
ſo proper , becauſe they are more univerſal and common to both 
Hemiſpheres , other-exprefſions beſides their Verboſicy would be 
futl of Caution for the following Proportion in our Nor Th Hemi- 


ſpere, without the Tropick that finis it from the Softfi between the 


Tropick of Cancer and the EquinoQial, when the Sun comesto.th 
Meridian between the Zenith and the Elevated Pole would find it 
from the North, wherefore it is fic to be retained, " 


A general Proportion for find ing the Hour. 


As the Coſfine of the Declination, To the Secant of the Latitnde : 
Or, As the Cofint of the Lats:u4e , . To the Stcant of the D-clination * 
So is the difference of the Sines of the Suns Altitad: propoſed , and of 
his Meridian Al itude, 
To the Verſed Sine of the hover from No m: 
And So i the ſum of the ſine; of the Suns propiſed Altitude, ant of hu 
Mianight Depreſſion, To 
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To the Verſed five of tht hony from Midnight : 
And So « the ſine of the Suns Meridian Altitude, 

To the Verſed ſine of the Semidiurual Ark 
And So « the ſine of the Suns Midnight Depreſſion, 

To the Verſcd ſine of the Seminolurnal Ark, 


The Operation will be like the former, I ſhall therefore onely i]- 
luftrate it by one Example , the Meridian Altitude is got in Winter 
by differencing, in Summer by adding the Declination to the Com- 
plement of the Latitude, if the ſum exceed 90d the Complement 
thereof t011804 is the Meridian Altitude. 


An Example for finding the Hour from Noon. 
Declination— 23! 31/ North the 11 Zune. 
Comp. Latitude— 33 28 Londos, 


61 59 Meridian Altitude. 
Propoſed Altitude—36 42, take the diſtance between the ſines of 
theſe two Arks, and enter it once down the Line of fines from the 
Center, and take the diſtance to the Thread laid over the Secant, 
then enter one foot of that extent at the ſine being the firſt Tearm, 
and to the other lay the Thread, and in the Verſed fines in the Limb 
it will lye over the Verſed Sine of the hour from Noon. 

In this Example, if the Thread be laid over the Secant of 

d | 
4 - * he extert muſt be entred at the ſine of w— 4 
either way the anſwer will fall upon 60d of the Verſed fine ſhewing 
the Hour to be either 8 in the forenoon, or 4 in the afternoon. 

Ifthe hour fall near noon , then the extent of the Compaſſes may 
be a and entred as before, and look for the anſwer in the 
Verſed Sines Quadrupled : Or before the diftance be took to the 
_ the extent of d:ffecence may be entred four times down from 
the Center. 


The Converſe ofthis Propoſition will be to find the Suns Altitude 
' on all Hours univerſally. 
As the Secant of the Latitude, To Coſine Dechination; 
Or, As the Secan of the Dec lination, To Cofine Latitude : 
So the Verſed ſine of the hour from Noon, © 
o 
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To the difference of the fines of the Suns Meridian Altitude and of his 
Altit ude ſought , to be ſubſtraRted from the ſine of the Meridian 
Alcicude, and there will remain the ſine of the Altitude ſought. 

So in Latitude of Loxd-n , if the Suns Declination were 134 0-/, 
and che hour from noon 754, that is eicher 7 in the morning, or 5 in 
the afternoon. 

Lay the Thread over the Verſed fire of the hour from noon, 
namely, 75d , and from the fine of 774 the Complement of the De- 
clination , take the neareft diftance to ic, then lay the Thread to the 
Secant of the Latitude,and enter the former extent between the Scale 
and the Thread, and you wi.l find a fine equal to the difference 
ſought, which ſinecake between the Compaſſes and ſetting down one 
foot at the ſineof 514 28 the Meridian Alticude , the other foot 
turned towards the Center will fall upon the ſine of 194 27 the At- 
tiude ſoughc. 

A General Proportion for the Azimnuth, 

Get the Remainder or D;fference between theſe ewo Arks, the 
Suns Altitude and the Complement of tit Latitude by SubfiraRing 
the leſs from the greater,and then the Proportion will ho!d, 

As the Cofine of the Latitw1le, Is tothe Scecant of the Altitu/e , 

Or, As the Coſine of the Alti'ude, To the Secant of the Lati mae : 

So 15 the [um of the fines of the Suns Diclination, «nd of the aforeſaid 
Remat"der ,. To the Verſed Sine of the Azimuth from the Neon 
Meridian in Summer only whin the Suns Altitude 1s lefs then the 
Complement of the Latitude. Inall other Caſes, So « the diffe+ 
rence of the [aid ſints, 

Tothe Verſed ſin: of the Azimuth, as before {rom No # HMeridiar+ 


Example. 

The 11'* of 7axe aforeſaid, the © having 23d 31/ of North de- 
clination , his Aliticude was obſerved to be 184 20, which ſubſtraRt- 
ed from 384d 28/ the remainder is 204 Y/, rake out the ſine there- 
of , and ſer down one foot at the fine of 234 31/, and ſet the other 
forwards towards 9254, then take the nearett to the Thread laid over 
the Secant of the Latitude 514 32/, enter one foot of this Extent at 
the Complement of the Altitude by reckoning the Altitude it ſelf 
from god towards the Center, and the Thread laid to the other foot 


cuts the Line of Verſed ſines at 105d the Azimuth from the —_ 
490; 


Q - 
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The ſame day when the Altitude was more then the Colatitude, 
ſuppoſe 60d 11/ the Remainder will be found to be 214 43/, take the 
diftance between the ſine thereof and of 23d 31/, and beeaufe the 
Extent is but ſmall enter it four times down the Line of ſines from 
the Center, and take the neareſt diſtance to the Thread laid over the 
Secant of the Latitude', which entred at the Cofine of the Altitude, 


the Thread laid to the other foot ſhews 25d in the Quadrupled Ver- 
ſed Sines for the Azimuth from the South. 


T he Proportion hence derived for the Amplitude. 


es _ (ofine of the Latitude, To Stcant of the Declination,&Cc, as 
before. | 
So in Summer ts the: ſum in Winter , the difference of the ſunes of the 
Suns Declination, and of the C:mplement of the Latitude,” 
To the VerſedS ine of the Amplitnde from Noow Meridi1n, 
The Proportion for the Azimuth will be better expreſt by making 
the difference to be a difference of Verſed fines. 


How.the Verſed ſires in the Limbe may be ſpared in Caſe a Qua- 


avant w-nt them. 


If a Quadrant can only admit of a Line of fines from the Center, 
the common-Quadrant of Mr Gunters very-well may , on the right 
edge above the Margent for the Numbers of the Azimuthe, it may be 
eaſily fitted for any or many Latitudes by ſetting Marks or Pricks to 
the Tangent and Secant of the Latitudes in the Limbs, which my be 
eaken out by help of the Limb, Line of Sines, or by Protraction, and 
eicher oftheſe general Proportions wrought upon it, or thoſe which 
follow, if:itbe obſerved that whenſoever the Thread lyes over the 
Verſed ſine of any Ark in the Limbe, ir alſo atche ſame Time lyeth 
over a Sine equal to half chat Verſed fineto the common Radius : 
Naw becauſe the ſine of 30* doubled is equal to the Radius, let it be 
obſerved whether the ſine cut by che Thread be greater or leſs then 

30 dep, 
. When it. is [eſs let the Line of Sines repreſent the former half ofa 
Ling of Verſed Sines , and cake the fine cf che Ark the Thread lay 
-gyer , and enter it twice forward from the end of the Scale — 
e 
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the Center, and you will obtain the Verſed fine of the angle ſought. 

When it is more take the diftance between the ſine of 304 and the 
ſaid ſine, and letting the Line of ſines repreſent the latter half of a 
Line of Verſed fines , enter the ſaid diftance twice from the Center, 
and you will obtain the Verſed ſine of the Arch ſought, namely, the 
ſine of an Arch, whereto god muſt be added. 


T bree ſides to find an Angle, a general Proportion. 


eA' the Sine of one of the Sides including an angle, 

1s t0 the Secant of the Complement of the other including fie : 

So is the difference of the Verſed Sin's of the- third ſide, ani of the 
Arkof difference b:twen the two inclgding fides, 

To the Verſed Sine of the Angle ſought, 

And So © the difference of the Ver/ed fines of th: third fide , an1of the 

ſum of the rwo including ſides, 

To ihe Verſed fint of the ſouzht angles Complement to 1804, 


To repeat the Converſe when ewo ſides and the angle compre- 
hended are given to find the third fide were needleſs, 

If one of the containing ſides be greater then a Quadrant, inftead 
of it in referrence tothe two firſt Tearms of the Proportion , take 
the Complement thereof to 1 804 for the repured ſide , but in diffe- 

ncing or ſurnming the two containing ſides alcer it not : And far- 
Se note, that the ſame Verſed fine is common to an Ark leſs then 
aSemicircle, and to its Complement to 360d. 

The Operation of this Proportion will be wholly like the former, 
ſo that there needs no direRion but on!yhow to take out a difference 
of two Verſed fines to the common Radius, ſeeing this Quadrant of 
ſo ſmall a Radios is not capable of ſuch a Line from the Center. 

And here note that the differente of ewo Verſed fines leſs thens 
Quadrant, is equal to the difference of the natural fines of the Com- 
plements of thoſe Arks. 

And the difference of two Verſed ſines greater then a Quadrant 
is equal to the difference of the netural ſines of the exceſs of thoſe 
Arks above 9od 

Aad by conſequence the difference of theVerſed ſines of two Arks 
the one leſs , the oiber greater _ a Quadranc is equalto tbe _= 
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of the natural ſines of the leſſer Arks Complement to 90*, and the 


greater Arks exceſs above it. 
And ſo a difference of Verſed ſines may be taken out of 'the Ling 


of natural ſines cooſidered as ſuch, 

Oc the Line of ſines may be conſidered ſometimes to repreſent the 
former half of a Line of Verſed Sines as it is numbred with the ſmall 
figures by its Complemeots from the end of it to 964 at the Center, 
and ſometimes the latter half of ir, and then the graduatiors of it 25 
Sines muſt be conſidered as nvumbred from 924 to 1804 at the end of 
it, and ſo a difference to be taken out of it by taking the diſtance be« 
tween the two Tearms,which it the-two Arks fall the one to be prea« 
ter the other lefs then 904 wiil be a ſum of two finer, as before hinc+ 
ed, 2rd in this Caſe the ſine $f the greater Arks exceſs above god to 
be ſet down o6vrwards if it may be, ftthe Verſed ſine of the leſſer 
Ark, or which is all one, at the ſine of that Arks Complement, and 
the diſtance from the Exterior foo: of the Compaſſes to the Center 
will be equal to the difference of the Verſcd lines of the Arks propos 


To meaſure a difference of Ver fed fynts to the commnn Ragie, + 


In this Caſe alſo the Line of ſines.muſt ſometimes rep-eſert the 
former, ſometimes tr} e latter half of a Line of Verſed ſines, and then 
one foot of the difference appiyed to one Ark, the other will ff 
in many Caſes upon the Ark ſought , each Proportion 'variouſly ex- 
preft, fothur poſſibly either one or the other will ſerve in all Caſes. 

But if ore of the feet ofghe Compaſſes falls beyond the Center ef 
the Quadrant: To find kow muchic falls beyond it , brirg the ſaid 
ſoot to the Center , and ler the other. fall backward on the Lire, 
then will the diftance between the ſaid other foot, where it now fal- 
lerh, and the place where it tood before be equal to the exceſs of the 
former foot beypnd the Center, which accordingly thence meaſured 
heiys you to the Arch ſought, and its Complement both at once with 
due regard to the repreſentation of the Line ; this ſhould be well 
obſerved, for it will be of uſe on other Inftruments,. 


A difference of Verſed fines thus taken out tothe Common 
Radius muſt be entred but once down from the Center. * 


To 
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' Totake ont 4 Difference of Perſed fines to half the comwon Reading. 


Count both the Arks propoſed on the Verſed fines in the Limbe, 
and find what Arks of the equal Limbe anſwer thereto , then out of 
the Line of ſines take the dittance between the ſaid Arks, and you 
have the extent required , which being but half ſo large as it ſhould 
be is to be entred twice down from the Center. 


To meaſnre a difference of Verſed ſints to half the common Radins. 


The Verſed fines are largeſt at that end numbred with 180', count 
the given Ark from thence, and laying the Thread over the equal 
Limb find what Ark anſwers thezeto , then ſetting down the Com- 
paſſes at che like Ark in the Line of ſines from the end of it towards 
the Center mind upon what Ark it falls, the Thread laid to the like 
Ark in tbe Limb ſheweth on the Verſed fines the Ark ſought, 

To fave the labour of drawing a Triangle, 1 ſhall delver the Pco- 
portion for.the Azimuth derived from the general Pcoportiop, 

As the Coſine of the Latitude, To the Secant of the Altitude , 

Or, As the Cofine of the «Altitude, To the Secant of the Latituae : 

So is the difference of the Verſed fines of the Sun or Stars d ſtance 
from the Elevated Pole, and of the Ark of difference between the 
Latitude and eAltititude. = 

To the Verſed ſine of the Azimmth ſought ; as it falls in the Sphcere 
that is from the, Midnighe Meridian. 

And So # rhe difference of the Verſed ſines of the Polar diſtance, and of 
the Ark of difference between a Semicirile and the ſum of the Lati« 
tude and Altitude, 

To the Verſed Sine of th: Azimuth from Nom Aleridian, 


eA Canon derived from the Inverſe of the general Proportion to 
foude the Dif ance of place s in the Ark of a great Circle. 


As the Secant of one of the Latitudes, 

To the Coſine of the other. 

$0 the Verſed fine of the difference of Longitude, 

To the diffe ence of the Verſed ar ;4 the Arkof diſtance ſorg*ty any 
| b of 
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of the Ark of difference between beth L atitndes , when in the ſ« me He 
#5 phere , or the Ark of the ſum of both Latitudes when in both Hemi. 
ſpheres , which d.fferuce added to the Verſed fine of the ſaid Ark gives 
the V:r{ed fine of the Arkof diftance ſought, 

Ar.d'vo # the Verſed fine & tie Compl ment of the difference of Long« 

tiinde to 1 80d- 

To the differexce of the Verſed fines of the Ark of diſtance ſought, and 
of an Ark being the ſum of the Complements of both Latitudes wben 
in one Hemiſphere ; Or the ſum of the leſſer Latitude encreaſed by 
go', and of the Complement of the greater Latitude when in diffe- 
reve Hcmiſpheres, which difference ſubſtraRted from the Verſed ſine 
of the ſaid Ark , there will remain the Verſed ſine of the Ark of di- 
ftance ſought. 

This Proportion is to be wrought afrer the fame manner as we 
found che Suns Alritudes on all hours univerſally, and the difference 
ro be meaſured in the Line of fines as repreſenting the former half of 
a Line of Verled fines, according to the DireRiens given for meaſu- 
ring of a d:fference of Verſed fines tothe common Radius or Radius 
of the Quadrant. 


By altring the tw? firſt Teams of the Proportion above, We may. 
n0rk ths Propoſition by prtive entrance. 
eA't the Radine, To the Cofine of one of the Latitudes : 
So.1be Coſine of the other Latitude, Toa fourth, 
Axain. . | 
As the Radirs,To the Verſed fixe,as above expreſſed in both parts, 
$0.4 that fourth, To the difference as above expreſſed. 


en Example for finding the diſtance between London and Bantum 
in the Arch of a great Circle the ſame thvt was propoſed in 
Page £6. 
Bantam | ; 1404 57 40. South. 
Fes! (Longitude 25, cor Daticnde + it 33 Novel, - 
difference of Longitude 114:10 Sum $57 12 
Lay the Thread to 54 4&/ in the Limb counted from left edge and 
from 38! 2% inthe ſines the Complement of our Latitude take the 
neareft diftance-to'it, then lay the Thread. co 114' 10/ in the 
. Verſed ſines and entring the former extent down the Line of ns 
rom 


— — 


- 
| 
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from the Center take the neareft diſtance to-it, then laying the 
Thread offer 57 12/ in the Verſed ſine, it cuts the Limbe at 134 15/ 
from the right edge, a the like Ark ſet down one foot of the former 
extent in the Line of fines, and the other will reach to the Sine of 41 | 
42/, then laying the Thread over the like Ark in the Limb, it will i: - 
terſe the Verſed fines at 109! 19 the Ark of diſtance ſought to be 

.converted into Leagues or Miles according to the number ll_— 
or Miles that anſwer to a degree in __ ”_m Country. 

Thus when. we 0 ith the angle copprehended to 
find the third NRA EI a whole Mn aſi with- 

. out a Line of natural Verſed fines from the Center , or by the Pro. 
portions in page 93, or athird way , which I pfetermit to the great 
Quadrant; and thus the Reader may perceive this ſmall Quadrane 

to be many ways both Univerſall and particular, which are of ſudden 
performance though tedious in expreſſion. 


Three files to find au angle. 

Each of the Proportions in ReRangles and £quares before deliver- 
ed' for the Tables, may as before ſuggeſted be reduced to ſingle 
Tearms , an inflance ſhall be given in that which fiads the Square of 
the fine of halfthe Angle ſought. 

Add the three ſides of the Triangle together, and from the half 
ſum ſubftraR each of the ſides including the angle ſought,then ic will 
hold, 

eA7 the ſine of one of the Comprehending fides, ( rather the greater 
that che entrance may be Lateral. ) 

[s to the fine of the difference of the ſame ſide from the half ſum : 
$0 « the ſine of the difference of th: ther comprehending ſide, 


T o a fourth ſine, 

Again. 
eA1 the Sine of the other comprehending ſide, 
1s to that fourth fine : 


So # the Rading, T half the Verſed fine of the angle ſonght, And So 
is the Diameter, To the whole Verſed ſine. 


To work this on the Quadrant, 


Uponthe firſt Tearm in the Line of ſines being the greateſt con- 
| raivic: 2 * 
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taining ſide, enter the'exterr of the ſecond , and to the other foot 
lay the Thread;then from the third Tearm in the ſines takgthe near» 
eft diſtance to it, Which'extent enter atthe ſine of the firſt Tearm 
in the ſecond Proportion, and to the other foot lay the Thread, and 
it will cutthe Verſed fine at the angle ſought. 

Having ſhewed how all Proportions may be performed upon the 
Quadrant :: I now proceed to the reft of the Lines. 


Of the Line of Chords on the left edge of the Backgide. 


I ſhall not at preſent ſpezk any thing as to the uſe thereof, that is 
intended to be done ina Treatiſe of the general Scale ; ' the principal 
uſe of aLine of Chords is to prick off readily the quantity of any 
Arch of a Circle , to do which take the Chord of 60', ard draw a 
Circle with that Extent then any Arch being to be pridt off it is to be 
© taken out of the Line of Chords, and to be transferred into the Cir» 
cle ſwept, this ſuppofeth the Radius notto vary. 

But to do it to any Radius that is leſſer take the Semidiameter of 
the Circle, and enter it at the Chord of 60 ' laying the Thread co the 
other foot, and theneareſt diſtances to the Thread will be Chords 
ro the Semidiameter aſligned , and the Converſe will meaſure the 
Chord of any Arch by a Parralel entrance. 


A Chord may be taken off though 10 Line of Chords be graduated. 


The Bead whereſoever it be ſet carryed from one edge of the Qua- 
drant to the other,theThread being extended doth deſcribe the'Uua- 
drant of aCircle,if therefore extending the Thread dewn-one edge of 
the Quadrant you ſer the Bead co the diſtance of the Radius(orSemi- 
diameter of the Circle fwept)from-the-Genter,and at-it fet down one 
foot of theCompaſſes,and lay the Thread kept at a.certainty in ftret- 
ching over the Limb to any Arch, & then open the.Compaſles to the 
Diſtance of the Bead, you ſhall take out the.Chord of tbe ſaid Arch. 

A Chord may very conveniently be taken off from any Circle ſwept 
Concentrick to the Limbe, -and divers fuch'there are upon both ſides 
of this Quadrant; Sweep a Circle of the like Radius on Paper as 
that on the Quadrant, arid then ſetting one foot ro the _— 

| 0 
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of the Concentrick Circle with the right edge the Thread being laid 
over any Arch whotſoever in the Limbe , take the diſtance to the In» 
rerſeRtion of the Threzd with the Concentrick Circle, and transform 
the faid Extent into the Circle drawn upon Paper. 


Of theVerſed $ ines {nugmonted. 


Theſe are to be uſed with fitted Scales thereto , to ftand upon a 
looſe Ruler for theready and more Ex3& finding the Hour and Azi- 
muth near Noon, or at other times, and ſhall be treated of inthe uſe 
of the Diagonal Scale. o 


of the Line of Latitndes and Scale of Honrs on the ſpare edges 
of the fore/'de; 


The ufe of theſe Scales are for the ready pricking down of any Di. 
all chat hath a Center in an Equicrural Triangle from the Subftile, as 
ſhall be ſhewed in the Uſe of the great Quadrant, though the Schems 
be fitted to ſmall Scales, | 

The Scale of Hours ſtanding on the Edpe on the foreſide mdy ve- 
ry well be ſupplyed from thence to another_Radius, as ſhall in due 
Time be ſhewedJ , though it do not proceed from rhe Center , and 
therefore may be ſpared out of the Limbe onthe B:ckſize., 


| — <——_—_—_— 


The Deſcription ef the Diagonal $ cale. 


T4 particular Scales handled in Page 181 won'd find the hour 
and Azimuth in the £qual Limbe without Coub'ing the Extent, 
it laying the Thread over the Coſine of the Declination in the lefler 
ſines when the hour is ſoughe ; or over the Cofine of the Alricude 
when the m—— ſought , it be minded whar Ark of the Limbe 
the Thread interſects ,, and then make the entrarce of one foot of 


the Extent at the like Arkin the fines laying the Thread to the other 
foot according to neareſt diſtance, 


Bat 
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But becauſe theſe Scales are more convenient being twice as 
there is accordingly a Diagonal Scale ifitted to ſerve for our Engli 
Region , and may be accommodated to any 5 or 6 degrees of Lati. 
tude, and placed conveniently on any Inftrument for Surveigh to 
give the hour and Azimuth in the Limbe of the Inftrument or on the 
frame of the plain Table. 

And hereI amco intimate tifat either the hour or Azimuth Scale 
before deſcribed on the ſmall Quadrant, will ſerve to finde both the 
Hour and Azimuth,as conveniently as either ; the foundation where. 
of is, that the ſame Proportion demonftrated from the Analemma 
that finds the hour from ſix being gpplyed to other ſides of the Tri- 
angle will alſo find the Azimuth from the Eaft or Weſt, aninftance 
waereof I give in the Uſe of a greatQuadrant for finding theAzimbth 
when the Declination of the Sun or Stars exceeds the Latitude of 
the place. 

By the like parity of reaſon the Proportion that found the Azi- 
muth is a general Proportion to find an avgle, when the threee ſides 
are-giveo the Canon will be, 

A the Coſine of one of the including ſides, 

Is to th: Radins : 

So u the ( or of the fide Oppoſite to the angle ſought, 

To a fourth a Sine or Secaxt. 

$ond'of yf Again. 

es the ſccond including ſide, 

I to the Cotangent of the firſt including ſide : 

So when any one of the ſides is greater then a Ruadrant tu the [um, 
but when all leſs the diff« rence between the 4 aboveſaid , and the 
Cofine of the ſecond Includey, 

Tothe Cofine of the angle ſong ht. 

Wee do ſuppoſe but one of the three ſides given to be greater 


then a Quadrant, if chere be any ſuch ir ſubrends an Obcuſe angle, 


and both the other ſides being leſs then Quadrants ſubtend Acute 
Angles. 
When the 4" Sine is leſs then the Coſine of the ſecond Includer, 
the Angle ſought is Obtufe, other ways Acute. | 
Hence the peculiar Proportion educed for thMhour will be, _.; 
As the Sine of the Latitude, Is tothe R gdins : | 
So #« the Sint of the Altitud-, To a4" a Sine or Secant. - 
gain, 


"My 


*» 
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Again, 


As the Coſint of the Declination, 11 to the Tangent of the Latitude, 
| So6n Summer u the difference, but in Winter n ſam of the [ines of 
the Declination of the Sun or Stars, and of the 4*" Sint, 

To the Sine of the hour from ſ;x. 

When the 4**, Ark is leſs then the Declination the hour is Obtuſe, 
when greater Acute, and in Winter always Acute : 

But of this Proportion I make no nſe it being liable in ſome Caſes 
to Excurſion, and will not hold backward to find the Suns Altitudes 
the hour beiog aſligned. 

This Diagonal Scale is made after the ſame manner as the Hour 
Scale deſcribed in the (mall Quadrant, being but ſeveral Lines of ſines 
the greater whereof are made equal to the Secant of the Latitude , 

.whereto they are fitted, the Radius of which Secant is 5 Inches 


long. | 

: leſſer Sines continued the other way , their reſpeRive Radii 
are made equal to the (ine of the Latitude of that greater ſine where- 
ro they are continued. 

The parralel Lines fitted to the reſpeRive Latirudes arc not to be 
equidiftant one from another ; but having determined the diftance 
between the two Extream Latitudes, to which they are fitted for the 
the larger fine it will hold, 

As the difference of the Secants of the two extream Latitude, 

It to the diſtsnce between the Lines fitted thereto : 

So © the difference of the Secants of the leſſer extream Latitule, and 

other intermediate Latitude, ' 

To the diftance thereof from the leſſer extream. 

And fo for the lefler ſine continued the other way, having placed 
the two Extreams under the two former Extreams, to place the im- 
termediate Lines, the Canon would be, 

As the difference of the fines »f the two extream Latitndes, 

Is to the diſtance between the Lines fitted thereto : 
Ss ts the diff -rence of the fines of the leſſer extream Latitude , and of 
| any other tngermeagate Latitude, 
& To the diſtance thereof from the leſſer Extream, 

Haviog fitted-the diſtances of the greater fine, freight Lines 

drawn through the two extream - nes (hall divide the any 
c ara- 
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Parrale's alſo into Lines of fines, pfoper to the Latitudes to which 
they are fitted : Now for the |cfler fines they are continued the other 
was at the ends ofthe former Parralelts, the Line proper to erch La- 
t tide ſhould be divided into a Line of fines, whoſe Radins fhontd be 
«qual to the fine of the Laritude of the other ſize-wkereto it is fitred; 
and (o Lines traced through cach gegree to th+ Exttearns; bot by rea- 
ſon of the ſmall diftance of thele Linzs, the difference is fo exceeding 
ſmall, that it may not be ſcrupled. to Craw Lines Diogonal wife froth 
each degree of the two outward extreatn Sines,for being drawn true, 
they wiil not be perceived to be any other then Nreighe Lines. 
Whereas theſe Lines by reaſon of the latrer Proportion fhovuld not 
fail sbſolutely to be drawn, at the ends of rhe former Lines whereto 
they are fitted, and then they would not be fo fit for the purpoſe, yer 
the difference being as we faid, fo inſenfible that it cannor be ſcaled, 
they are notwithſtanding there placed and croffed wich Diaponals 
drawn through each degree of the Extreams. 


T he Vſes of the Diagonal Scale, 


i. Tofind th: time of Sun riſing or ſettiag, 


Inthe Parrale! proper to the Latizudetake out the Suns Decling» 
tion our of the |ifler continued fines , and enter one foot of this ex- 
cent atthe Complement of che Declination inthe Line of ſines , and: 
ia the equal Limb the Thread being laid to the other foot will ſew 
the time ſcupht. 

In the Latitude of 7:zk, namely 54', ifthe Sun haye 20! of Decli- 
nation Northward? be riſes at / 4 }and ſers at? $ | 

Soathward 84g [> 


2.:To findthe Ho: of the Day or Night for South Declinati's, 


In the Parraie] proper to the Latitude account the Declination in 
the leffer continued ice, and the Altitude in the greater fine, and 
take their dikance, which extent apply as before to the Coſine of the 

Declination in the Line cf:ſineson the Quadrant, and laying the 
Thread 
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Thread to the other foot according to neareſt diſtance it ſbews the 
time ſought in the equal Limbe. 

Thus in the Latitude of To»4 when the Sun hath 204 of South de. 
clination, his Altitude being 54, the hour from noon will be found 
45 minutes paſt.8 in the morning, or 15 minutes paſt 3 in the afcer- 
no0nfere. 

For North Declination. 


The Declination muſt be taken out of che leſſer ſine in the proper 
Parralel, and turned upward on the grezter ſine and there ic ſhews 
the Alcitude at fix for the Sun or any Stars in the Northern Hemi- 
ſpere, the diſtance between which Point and the given Alcicude muſt 
be entred as before at theCoſine of the declination, laying the thread 
co the other foot and it ſhews the hour in the Limb from fix towards 
noon or midnight, according as the Sun or Stars A'ticude was great- 
er or leſſer theo its Altitude at fix. 

Sq in the Latitude of 7orz, when the Sun hath 20! of North des 
clinatioo if his Altitude be 40', the hour will be 46 minutes paſt $ in 
the morning, or 14 minutes paſt 3 in the afternoon. 


4. The Converſe of the former Propoſition Will be to find the Alti- 
tude of the Sun at any honr of the day, or of any Star at any 
bony of the night. 


I need not inſiſt on this, having (hewn the manner” of it on the ſmall 
Ry for theſe Scales uſe the Limb inftead of the leſſer ſines, 
or Stars the time of the night muſt firſt be turned into the Scars 
hour, and then the Work che ſame as for the Sun. 


$. To find the Amplitnds of che Sun or Stars. 


Take out the Declination our of the greater ſine in the Parralel 
{oper to the Latitude , and meaſure it on the Line of fines on the 
{ler Quad: ant, and it ſhews the Amplitude fought, 

So .in the Latitude of ork 54* when the Sun hath 2c4 of Declina- 
i198, bis Amp/icude will be 35% 35”, 


Cc pA | 6, T- 
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6, To find the Azimwth for the Sun w any Stars in the Hemi: - 
ſphere. 


For South D:clin«tioy, EE 

Account the Altitude in the leſſer ſine continued in the proper 
Parrale}, and the Declination in the greater ſine, and take their di- 
fiance enter one foot of this extent at the Cofine of the Altitude on 
the Quadrant , and lay the Thread to the other according to neareſt 
diftance, and in the Limbe it ſhews the Azimuth from Eaft or Weſt 
Southwards. | | 

So in the Latitude of 7ork , when the Sun hath 204 of South De- 
clination, his Altitude being 54, the Azimuth will be found to be 449 
47/ to the Southwards of the Eaſt or Weſt: 


For North Declination.” | 

Account the Alcitude in the leſſer ſine contioued, and apply it up- 
ward on the greater fine and it finds a Point thereon , from whence 
rake the diftance to the declination in the ſaid greater fine in the Par- 
ralel proper to the Latitude of the place, and enter one foot of this 
Extent at the Coſine of the Altitude on the Line of ſines , and the 
Thread being laid to the other foot according to. neareſt diſtance , 
ſhews the Azimuth in the Limbe from Eaſt or Weſt, 

So in the Latitude of 7ork , when the Sun hath 20! of North De- 
clination, and 4c4 of Altitude, his Azimuth will be 23* 16 to the 
Southwards of the Eaſt or Weſt. 

When the Hour or Azimuth falls near Noon, for more certainty 
you may lay the Thread to the Complement of the Declination for 
the Hour,or the Complement of the Altitude for the Azimuth,jin the 
Limbe, and enter the reſpeQive extents Parralelly between the 
Thread and the Sines, and find the anſwer in the fines. 

We might have firted one Scale on the quadrant to give both the 
boure and Azimuth in the Equall Limb by a Lateral entrance, and 
have enjarged upon many more Propoſitions,which (hall be handled 
inthe great Quadrants. 

M'* Sutton was willing to add a Backſide te this Scale, and there- 
fore hath pu on particuiar Scales of his own for giving the requiſites 
of an upright Decliner in this Latirude , which he bath often made 
ppon Rulers for Carpenters and other Artificers and Duallifts, and 

: where- - 
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whereof he was willing to afford them a Print; whereto I have ad- 
ded other Scales for giving the Hour and Azimuth near Noon, 


On the Backgiae art dra\rn theſe Lines, 


A large Dyalling Scale of 6 hours or double Tangents, with a Line 
of Latirudes fitted thereto. | 

A large Chord, 

A Line for the Subftiles diſtance from the Meridian, 

A Line for the Stiles height, 

A Line for the angle of 12 and 6. 

A Line for the inclination of Meridians. 


All theſe Scales relate to Dyalliog. | 
An Azimuth Scale being ewo Lines of natural ſines of the ſame Ra» 


dius ſer together at O, and thence nombred with Declinations, this 
Scale muft be made of the ſame ſine that the hour Scale following is 
mide of continued from O one way to 38* 28/, and the other way 
to 23% 31/ or further at pleaſure ; but numbred from the beginning 
which is at the end of that 38' 28/ the Complement of the Latitude 
with 10' 20/, &c, up to 60". 

The Hour Scale is no other then a Line of ſines with the declina- 
tions ſet againſt the Meridian Al:irudes in the Latitude of Loxaoy,;the 
Radius of which ſine is equal in length co che Dyalling Scale of 


hours, 
Of the Vſea of theſe Scales. 


The Line of Hours and Latitudes is general for pricking down all 
Dialls with Centers as will afrerwards be ſhewed in the Uſe of the 
great Quadrant , and by help of the Scale of Hours may the Diame« 
ter of a ſuch a Circle be graduated as is placed in on the back of the 
great Quadrant, and the Line of Latitudes will ſerve as a Chord to 
divide the upper Quadrant, and the Hour Scale or Line of Sines will 
ſerve as a Chord to divide a Semicircle , whoſe Diameter is equal to 
the Scale of Hours into go equal parts and their Subdiviſions, and 
her eby may Proportions in ſines and Tangents,or Tangents alone be 
wrought by ProtraRion,and ſo the neceſſary Arks in Dyalling found 
penerally as is done by M* Foſter in the three laſt Schems of his Poſt 
bums, this will eaſily be underſtood if the uſe of the Circle 0n this 


Quadrant be weil apprehended: ' The 
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The particular Scales give the requiſite Arks of upright Decliners 
inthis Latitade by inſpeRion , for count the plaines Declinauon in 
the Line of Chords,and a Square laid over it interſeR: all thoſe Arks 
or to be found by applying the Declination taken out of the Chords 
with Compaſſes to every other Line. 


Exan ple. TE 
So if an upright Plain decline 35! from the Meridian. 
The Subſtiles diſtance from the Meridian will be — 24* 30 
The Stiles height — — 430 38 
The Inclinations of Meridians — 41 49 
Theangieof 12 and 6 54 10 


Theſe particular Scales alſo refolve ſome of the Caſes of right 
angled Spharrical Triangles, relating to the Motion of the Sun or 
Stars thus, | 

Of the Line of the Stiles height. 


Accourt the Declination in the Line for the Stiles beight , and a- 
ainſt it in the Chord ſtands the Amplitude of the Sun or Stars from 
the Meridian, 
Example for Amplitude. 

So when the Sun bath 184 of Deciination, his Amplitude will be 
674 13/ from the Meridian, and 29! 47 from the Vertical. 

The reaſon hereof is becauſe the two firſt fixed Tearms of the Pro- 
portion that Calculate the Stiles height are the Radius and the Co- 
ſincof the Latitude, andthe two firſt Tearms that Calculate the 
Amplitude are the Coſine of the Latitude and the Radius, and there- 
fore mult as wcll ſerve in this Caſe avin that, 

On this Stile Line may be found. the Suns Alktitades on all hours, 
when he is inthe EquinoQial by applying the-bour from ſix raken 
f:om the Chords to the other end of the Stile Line, 


Of the Subſtiler Line. 7 
Hereby. we may find the time of Sun riſing and ſetting , take the 
Declination our of the Subftilar Line and meaſure it on the Line of 
{hords, 
E xanple. 
_ SO when the Sun hath 18 of North Dechnation-, the Aſcenſional 
difference is 24" 9/ intime I hour 36 7 minutes, and ſo much the Sun 
riſcs-aod fers from ſix. Here- 
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Hereby my be atfo found the EquinoRil Alcitades to every Azi« 
muth, 


Of the Lyne ſer the Angle of 12 and 6. 
_ we may find the time when the San will be due Eft or 
eſt, 

Account the Complement of the Declination in this Scale, and 

-afivieft it in che Chords Rinds the hour from ſix, 
E xample. 

So when the Sun hath 18' of North Declination , he will bz Eaſt 
or W<Kt at 5 in the mormng, or 5 in the afternon. 

By theſe Scales the requires of an Eaſt or Weſt Recliving or In» 
chning Diall in this Lxticude may be found. 


1, The Subſ'iles diſtance from the Meridian. 
Account the Complecent of the | {inarion in the Chords , and 
apainſt ic in the Line for 12 and 6 ſtanvs che Complement of the angle 


ſoupht. : 
"a 2. For the Stites h:yght. 

Apply the Reclinnion in the leſſer fines on the D agonal Scale in 
the Parralel proper to the Latitude to the greazer fine and it ſhewes 
the Ark fought. 

3. For the Inclination of [Meridezns. 

This may be alfo found on the Diagonal Scale when the Subtiles 
diſtance is not mgrethen the Latirude , By Accounting the Subftiles 
diftance on the greatet ſine, and applying it tothe lefler. 


4. For the Angle of 12 and ſix. 
Account the Complement of the Reclinationin the Chords , and 
apainſt it in the Subftilar Line is theComplement of the ang'e ſought, 
So if an Eaft or Welt Plain Reclineor Incline 354, 
The SubRiles diftance from the Meridian will be— 45! 52/ 


Tire Stiles beipht——— ——26 41 
The Inclination of Meridians ——— —— — 66 27 
Ard the angle of 12 and 6 — ————56 55 


Of the Hour and Azimmh Scales. 


Thris Seale'is fitted to find the Hour from Noon inthe Verſed ſins : 
auvy- 
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augmented, and the Proportion to be wrought by it the ſame as de- 
livered in the uſe of the ſmall Quadrant. 

As the Cofine of th: Declinars nm, Is to the Secan of the Latitude : 

So ts the difference of the fints of the Suns propeſed and Meridian 

Altitnde, x | 

To the Verſed fine of the khowy from Noon, 

And of this one Proportion we make two by introducing the Radius, 

As the Radius, 14 to the Secant of the Latitude : 

So ts the former diſtance, To a fourth, 

By ficting the Radius of the ſines equal in length to the Secant of 
the Latiude ; this firſt Proportion is removed for the ſaid difference 
of ſines taken out of this fitted Scale is the 4 ® Proportional, the Pro» 
portion that remains to be wrought upon the Quadrant is, 

As the Coſine of the Declination, [s to the difference of the ſines taken 

ont of this fitted Scale : So ts the Radins ; To the Verſed ſine of the 

hour from Noon. 

By this means if in the ſame Proportion as we increaſe the le 
of the fitred Scale,we alſo increaſe the verſed fines [ying in the Limb, 
we may find the hour and Azimuth near noon with certainty if the 
Altitude be well given: 

Theſe Scales intheir Uſe preſuppoſe the Hour and Azimuth of the 
Sun to be nearer the noon Meridian then 60!, 

Operation to find the Hour. 

Take the diſtance berween the Altitude and thePeclination pro- 
per to the ſeaſon of the year out of the Hqur Scale, and enter one 
foot of this Extent at the Coſine of the Declinacion in the Line of 
ſines, and laying the Thread to the other foot according to neareft 
diſtance, it ſhews the hour from noon in the Verſed ſines Quadru- 

led. 
P Example. 

When the Sun hath 234 31/ of North Declination, and 6c of Al- 
titude, the hour from noon will be. 13* 58/ to be Converted into 
time. | 

When the hour is found to be leſs chen 40* from Noon , the for- 
mer extent may be doubled and entred as before, and it (hews the 
hour inthe Verled (ines Octupled. 

And when the hour is leſs then 304 from Noon, the former extene 
may be tripled and entred as before , and after this manner it is poſ. 


1ble 
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fible to make the whole Limb give the hour next Noon, t he Verſed 
Sine Duodecupled, lies on the other ſide of the Quadrant; aodin 
this caſe, an Ark muſt firſt be found in che Limb, andthe Thread 
laid over the ſaid Ark, counted from the other edge, will interſe& 
the ſaid Verſed Sine at che Ark ſooght. 


To find the Suns Azimuth; 
Akethe diſtance in the Azimuth Scale, between the Altitude and 
the Declina:ion, proper to the ſeaſon of the year, and-entring 
it at the Coſine of the Altitude, laying the Thread to the other foor, 
according to neareſt ciftance, it will ſhew the Azimuth in the Verſed 
Sines quadrupled ; or, when che Azimuth is near Noon, accordin 
to the former reſt:iRions for the hour, the extent may be doubled, 
or tripled, ard the anſwer found in the Verſed Sines Oftupled, or 
Duodecupled, as was done for the hour, 
Example. 
So when the Sun hath 234 31/ of North Declioation, his Alcicude 
being 604, The Azimuth will be found to be 26' 21/from the South. 
By the like-reaſon, when we found the Hour and Azimuth in the 
equal Limb by the Diagonal Scale, if thoſe extents had been doubled, 
the Hour and Azimuth near fix, or the Vertical, might have been 
found in a line of Sines of 3o*, put thorow the whole Limb, but that 
we thought needleſs. | 
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| The 


DESCRIPTION 
Of the 


Creat Quadrant. 


T hath been hinted before, that though the former con. 
trivance may ſerve for a ſmall Quadrant, yet there mighe 
be a better for a great one. 
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T he Deſcription of the Fore-fade. 


On the right edge from the Center is placed a line of Sines. 
On the left edge from the Center, a line of Verſed Sines to 180, 
The Limb, the ſame as in the ſmall Quadrant. 
Between the Limb and the Center are placed in Circles, a Line of 
Verſed Sines to 180', another through the whole Limb to go', 
The Line of leſſer Sines and Secants. 
The line of Tangents. 
The Quadrat and Shaddows. 
Above them, the ProjeQion, with the Declinations, Days of the 
moneth, and Almanack. 
Oa the left edge-is placed che fitted Hour, and Azimuth Scale. 
Dd 3 Within 
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Within the ProjeQion abutting againſt the Sines, is placed a little 
Scale, called T he Scale of Entraxce, being graduated to 624, andis 
no Other but a ſmall line of Sines 8umbred by the Complements, . 
Ar the end of the Secant is put on the Verſed Sines doubled, that 
is, tO twice the Radius of the Quadrant, and at the end of the Tar» 
gents tripled, to ſome few deprecs,. to give the Hour. and Azimuth , 
near Noon more exaQtly, 


T he Deſcription of the Back-fide. 


" On the right edge from the Center, is placed a Line of £qual pa, 
being 10 inches preciſe, decimally ſubdivided. 

On the out-fide next the edge, is placed a large. Chord to 60, 
equal in length to the Radius of the Line of Sines. 

On the left edge is placed a Line of Tangents iſſuing from the 
Center, continued t0.639 2&/, and again continued apart from 60, 
to 754 

The equal Limb. 

Within it a Quadrant of Aſcenſions, divided into 24 equal hours 
_ its parts, with Stars : ffixed, and Letters graved, to refer to then 

8mes. 

Between itand the Center is placed 'a Circle, whereof there is bu 
three Quadrants graduated. 

The Diameter of this Circle is no other then the Dyalling Scak 
of. 6 hours, or double Targents divided into 90. 

Two Quadraris, or the bf of this Circle beneath the Drameter, 
is divided into go equal parts or degrees. 

—_ upper. divided Quadrant , is called the Quadrant of Lati- 
tudes. : ky 

From the extremity of the ſaid Quadrant,and Perpendicular tothe, 
Diameter,is graduated a Line of Proportional Sines ; M Fofter call 
it 8be Line Sol, 

Diagonal- wiſe, from one extremity of rhe Quadrant of Latitudd 
co the other, is graduated « line of Sines ; that end numbred witl 
9o?, that is next the Diamgter, being of the ſame.Radius with the 
Tangents. -_ Oppolity 


”_ @ 


The Deſeriptioy of the great Se, 2222-4 07 

Oppoſite and parallel thereto from 45* of the Semicircle, to the 
other extremity of the Diameter,is placed a Line of Sines equal to the 
former. 

Diagonal-wiſe. from the beginning of the Line Sol, to the end of 
the Diameter, is, graduated a Line of 60 Chords. 

From the beginning of the Diameter, but below it, towards 45% 
of the Semicircle,is graduated the ProjeRion Tangent, alies, a Sermi- 
, to go!, being of the ſame Radius with the Tangents. 

The other Quadrant of this Circle being only a void Line, there 
paſſeth —_ it from the Center, a Tangent of 45 \; for Dyalling, 
divided into 3 hours, with > an and minntes. 

Below the Diameter is void ſpace lefe, ro graduate any Table at 
pleaſure, and a Line of Chords may be there placed. : 

Moft of theſe Lines, and the ProjeRtion, have been already treat» 
ed upon in the uſe of che ſmall Quadrant, thoſe that are added, ſhall 
here be ſpoke to. 
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Of the Line of Verſed Sines, on the left 
Edge, iſſuing from the (enter. 


CE —_ 


His Live, and the uſes of it, were invented dy the learned Ma- 
| thematician, M. Sammwel Foſter, of Greſham Colledge. deceaſed, 
from whom I received che uſes of it, zpplyed to, a SeRor; I 
(hall, and have added the Froparoges to be wrought upon it, 
andin that, -andocher reſpeRs, diverſifie from what 1 received; 
wherein I ſhal] nor be tedious,. becauſethere are other ways to fol- 
low, fince found out by my ſelf. | 
The chief uſes of it are, to reſolve the two caſes of the fourth 
Axiom of Spherical Trigonometry ; as, wh n three ſides are given 
to find an Angle, or two ſides with che Angle comprehended, to find 
the third ſide, which are the caſes that find the Hour and Azimuth 
generally, and the Suns Alcitudes on all hours. For the Hour, the 
learned Author thought meetto add a Zodiaque of the Suns-place 
annexed to it, both in the uſe of his SeRor, as alſo in the uſe of his 
Scale, publiſhed fince his death, entituled Poſthnma Foſters, that the 
Suns place being given, which for Inſtruments uſe might be obtain- 
ed, by knowing on what day of each moneth the Sun enters into 
any Signe, and allowing a degree for every days motion, come by ic 
prope erm, and being ſought in the annexed Zodieque (which is no 
other then two lines of 90d. Sines, each made equal to the Sine 
of 234 31/ the Suns greateſt Declination) juſt againſt it ſtands the 
Suns Declination, if accounted in the Verſed Sine, from 90! each 
way z but this for want of room, and becauſe the Declination is more 
eaſily given by help of the day of the moneth, I thought fir to omit, 
the rather, becauſe it may alſo be taken from the Table of Decling. 
tions. 
But from hence firft obſerved, that if the two firft terms of a 
Proportion were fixed, if ewo natural Lines proper to thoſe terms, 
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weve fitted of an equal length, and poſited together, if any chird 
term be given, to find a fourth in the ſame proportion, it would 
be given y inſpeQion, as ſtanding gaivſt the third ; but if the 
Lines ſtand aſunder, or a differer ce be the third term, application 
muſt be made from one Lire to the other with Cow paſſes, as in the 
- ſameScale there is alſo ficted a Line of 60Þarts, equal in lengeh to 
the Radius of a ſmall Sine, ſervicg to give the Miles inevery ſeves 
ral Latitude, anſwerib!e to one degree of Longitude. 
Three ſides given to find an Angle, the Proportion, 
As the difference of the Þ ered Sintr of the Sum, and d ference of 
any tWo Sides including an «Angle, 
I; ts the Diam ter,, 
So us the difference of the Ferſed Sines of the third ſale, 
And of the eArk of difference between the t'vo including Sides, 
To the Verſed Sine of the Angle fought ; 
And ſo ts the diff crence of th: Verſed Sines of the third [i.e 
And of the ſum of th: ty» i-cluding ſides, | 
To the Verſed Sineof the ſought Angler, Complement to 4 Semis 


circles 
Corollary. 


And ſeeing there is ſuch proportion between the [:tter terms of 
the fore-going Proportion, as berween the former, omitting the 
-ewo firſt terms. it aiſo hoids, 
eA' the difference of the Verſed Sine: of the third ſie, and of the 
Ark, of difference between the tv0 including ſides 

Ts to the Verſed Sine of the Angle ſought, 

So is the difference of the Verſed Sines of the third ſide, 

eA nd of the ſum of 1h: twoirclu ing ſices, 

To the Verſed Sine of the ſought Angles,Complement to 180\, 

And this is the Proportion M. Fol r makes uſe of in his Scale, 
page 25 and 27. to find the Hour and Azimuth by ProtraRtion, as 
alſo in page 68. in Dyalling, whenthree ſides are given to. find an 
Angle, by conftituting ewo right angled <qui-angled plain Trizn- 
gles, the legs whercot conſiſt of the 4 terms of this Proportion. 

E e Bat 
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But ig-that Prorwaftion work, the firſband chird terms of the 
Pcoportion.are given together, with the fum of the ſtcend ant 
tourth terms, to fin& our-the- ſajd terms reſpeRively. 


The Proportion for the Hur. 


Att the d ference of the Vinſid Sines of the Sum, and differenceof 
the Complemevr of the Latitudr,and of the Sun or Stars diſtance 
from the Eleuated Pole, 

Is to the Diameter or Verſed Sine of 180", 

So ts the difference of the Verſed Sizes of the Complement of the 
Altitnde, aud of the Ark of difference between the Complement 
of the Latitude, and of the Polar Giſtance, 

To the Verſed Sine of the Hour from N9:n. 


And if the latter clauſe of the third term be the Sum of the Cg- 
Jatitnde and Polar diſtance, the Proportion will fiad the Verſed 
Sine of the hour from midnight, 

Andif the ſum of any two Arks exceed a Semicircle, take its 
——_ to 36c*; for the ſame Verſed Sine is common to- 
both. 

When the Declination is towards the Elevated Pole, the Polar 
diſtance is the Complement of itto 90*; and. when, towards the 
Depreſſed Pole, the Polar diſtance is equal to.the Sum of 90', and. 
of the Declination added together, . 


E ample. 
Let the Suns Declination be 15®46/ North,Com: FR 3 
plement, — — £ 3, at... 
The Complement of the Latitude, ——— 38 28 
Sum ———112: 42 


| Diffcrence — 35: 46 
And. let the Altitude be 20* Complement= 70: 00 


Operation 
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Operation. 


Take the diftance between the Verſed Sines of 35* 4&, and of 
112* 42/, andentring one foot of chatextent at the end of the 
Verſed Scale at 180', lay the thred to the other foor, according to 
neareſt diſtance, then take the diſtance beeween the Verſed Sines 
of 35* 4&, and 75, and entring that extent parallelly, between 
the Thred-and rhe Scale, arid rhe other foot will reft upon the 
Verſed Sine of 75* 32/, the quantity.of the Hour from the Meri- 
dian being either 50/ paſt 6 in the morning, or 10/ paſt 5 in the 
afternoon. 

The Reader may obſerve in this work, that thetbred lies over a 
Star, by entringthe firſt extent; as aiſo, thar there & the ſame 
Star graduated at 35* 46/ of the Verſed Sine,andthis no-other then 
the Bulls eye, having 15* 46 of Nerth Declination, for which 
Star in this Latitude, there needs be no ſumming or differericing of 
Arks, 4n regard the'Stars declination varies not : So to'find that 
Stars hour at any time, baving any other Altizude, -only lay che 
thredover that Star in the Quadrant,and take the diftariee berwoen 
the Star inthe Scale, and the Complement of its Altitude, and-en 
ter that extent parallelly between che Thred and the Scale, and ic 
finds the Stars hour from the Meridian : Thus whenthat Star hath 
359* of Altitude, its hour frem the Mcridian will be found to be 
45* 54, in-time, 3 hours 3 ;/, which co ger the true time of the 
night, muſt be turned inco che Suns hour by help of the NoQuurnal 
on the Back-ſide : But admitting the Suns Declination and Alti- 
rude to have been che ſame with the Stars, the true time of the dav 
thus found, would have been 567” paft gin the mornivg, -or 3 ;/ 
paſt 3 in the afternoon ; and thus the Reader may have what Stars 
he pleaſes pur on of any Declination, and for any Latxude; and 
they may be pur on at ſuch a diſtance from the Center, that the 
d83nce rom it to the Star, may be a Chord to be meaſured in rhe 
Limb, to giveghe Scars Aſcenfional difference, or the lake conclu- 
' fian : Andxbus cherhredibeing once laid, and the former pornt 
found for one exampleto che Suns Declination, neither of the 0 
yaries that day ; which is a ready general way for finding the time 
ef theglay for the Sun. Ee 2 Ts 


of the Line of Verſed Sines, 


To find the Simidiurnal; and SeminsAurnal Arky, 


- it to be 90%, 2nd then work: by the former precept, and you 
will find the Semidiurnal Ark from the b*gmning of the Line, 
and the SeminoRurnal Ark from the end of the Line, which 

doubled, and turnedinto time, ſhews the length of-the Day and 
Night, and the difference between 9-5, and either of thoſe Arks 
is the Aſcenſional difference, or time of riſtngand ſetting from 6. 


g Hppoſe the Sun to have no Akitude, and the Complement of 


Ts find the Azimuth generally. 


The Proportions for this purpoſe: have been delivered before, 
from which it may be obſerved, that there are no two terms fixed, 
and therefore to every Altitude, the containing ſides of the Trian. 
gle, namely, the C omplements both of the Altitude and Latitude 
muſt be ſummed and-differenced, when the Propoſition is to be 
performed on this Line ſolely, and the Operation will be after the 
ſame mgnner, as for the hour, namely, with a Parallel entrance : 
andthis is all I ſhall ſay of the Authors general way; and of any 
other that he uſed, I never heard of ; tkuſe-ways that follow,being 
of my own ſupply. 


By help of this Line 16 wwk 1a Preporiion in Smes alone, 
wicrein the Ranies leads. 


As the Radius 

1s to the Sine of any Ark; 

Sozs the Sine of any-other Ark. 
To the Sine of a fewrth Ark. 


This fourth Sine, as I have ſaid before, is demonſtrated by M: 
Gellibrand, to be equal to half the difference of the Verſed Sines 
of the Sum, and difference of the two-middle terms of the Pro- 
portion. i 


Operation 


of the Line of Verſed Sines 


Operation. 
Let the Proportion be, 
Ai the Radins 
Ir to the Sine of —— 4c! 
So is the Sine of _ ——27 
To afowrth Sine — 
Sum —— 67 
Difference — 1 3 


Take the diftance between the Verſed Sines of the ſaid ſum and 
difference, and meaſure it on the Line of Sines from the Center, 
and ic will reach to 174, the fourth Sine ſought. 

By help of this Line may the Diviſions of the line Sol, or Pro- 
portional Sines, be graduated to any Radius leſs then half the Ra- 
dius of the Quadrant, the Canon is, 

As the Verſea Sine of avy Ark added to a Duarra"t, 

Is to the Radies, or length of the Line Sol, 

So is the Verſid Sine of that Arks Complement to 99* 

To that lengrh which pricked backward from the end of the Radins 

of the ſaid Lin', ſhall graduare the "Arch propoſed. 


Example, 

Suppoſe you would graduate 20 of the L'ne Sol, enter the Ra-" 
dius of the ſaid Line upon th Verſed S:ne of 110', laying'the 
thred to the other foot ; and from che Verſed Sine 0f 70), take the 
neareſt diſtance to the thred, which prick from the end of the Line 
Sol, towards the beginning, and it ſhall graduate the ſaid 20'. 
k This Line Sol is made aſe of by M. Foftzr in his Scale for Dyal: 
ing, 
The Line of Verſed Sines was placed on the teft edge of the 
forefid? of the Quadranc, for the ready taking out the difference - 
of the Verſed Sines ot any ewo Arks, and co meaſure a difference 
of two Verſed Sines upon it, which are the chief uſes I ſhail make 
of it; whereas to Operate fingly upon it, it would be more con- 
venient for the hand to have ic he on the right edge of the Qua- 
drant, ' - 

3 
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An example for finding the Azgnmth generally, by belp of 
Verſed Sines in the Limb, and of other Lines on the 
Onaarant, 


I (hall reheerſe the Proportion, 
As the Ceſine of the Latitud? « to the Serant of the Altitnde, 
Or, As the Coſine of the Altitude is to the Secant of the Latitade, 
$0 1s the difference of the Verſed Sines of rhe Suns diſtance from the 
Elevated Pale, and of 1be Ark of difference between the Lati» 
titude and Altitude, 
To the Verſed Sine of th: Azimnth from the midnight meridian, 
And making the latter clauſe of the third cerm the Comple- 
ment of the Surm.of the Latitude and Altitude to a Sernicircle, the 
Proportion will find the verſgd Sine of the Azimuth fromthe noon 


Meridian. 
Example, 
Aknui ——519% 32/ 
Latitude — —— 34 : 32 Complement 55* 2. 


Difference 17: 00 
G) diftance from 
elevated Pole, 60:29 


Oporati n in the firſt Terms of the Proportion. 


Oa the Line of Verſed Sines, take the diftance between 17, and 
6c4 29”, andentring it twice down the line of Sines, from the Cen- 
rer, cake the neareſt diftanceco rhe thread laid over the Secant of 
534 32/,he given Akizude, and entring.one foor of this Extent at 
the Sine'of 554 28/ the Complement of the Laticude, lay the 
thredto the other fact, accordeng to neareſt diſtance, and in the 
line of Venſed Sines in the Limb, ic will lie over 954, for the Suns 
Aammh from the-midnight meridian. 

And the Suns declination ſuppoſed the ſame, he ſhall have the 

like 


Of the Line if Virſed Sins, I'S, 
like Azimuth fromthe North, in-our Laticude of Laxden, when his 
Altitude is 34'32/, for the ſides of che Triangle are the ſame. 

Another Example, 


To find it in the verſed Sine of 90! 
Latitude—— ——47 7 
Alttude———-—  ——5:: 32 


SUN —— —— —-g8: 59 


Complement 81: 71 
Polar diftance ——— 66: 29 


” Take the diſtance in the Line of Sines, as repreſenting the for- 
mer half of a Line of Verſed Sines, between theſe two Arks count- 
ed towards the Center, viz. 66* 2y/, and 81% o1/, and enter this 
extent twice down the Line of Sines from the Center, and rake the 
neareſt diftance ro the thred lying over the Secant of the Latitude 
47* 27/, then enter one foot of this extent at 51* 32/ counted 
from the end of the Sines cowards the Center, laying the thred to 
the other foot, according to-neareft diftance, and in the Verſed 
Sine of 9a', it ſhews the Azimuth tobe 65* from the Souch in 


this our Northery Hemiſpere. 


meter —_—_— TCC— 1 OO gr ns 


Of 
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Of the fitted Particular Sca'e, and the 
L ine of Entrance thereto belonging. 


His Scale ſerves to find both the Hour and Azimuth in the 

Latitude of Zondex, to which it is fitted, inthe equal Limb, 

of a Lateral or poſi:ive.Entrance, it conſifts of two Lines of 
NEE. 

The greater is 62 of a Sine, as large as can-ſtand upon the Qua- 
Cr>nt, the-Rad'us of the leſſer Sine is made equal to 51' 32/ of 
tl.is greater, being firted to the Latitude ; The Scale of Entrance 
ftanding within the ProjeRion, and abutting on the Line of Since, 
Is n0 Other but a portion of a Line of Sines, whoſe Radius is mace 
equal to-3$' 28/ of the greater Sine of the fitted Scale ; and this 
Scale of Entrance is numbred by its Complements up to 62, as 
much as is the Suns-preateſt meridian Altitude in this Latitude. 

The ground of this Scale is derived from the .Diagonal Scale, 
the length whereof bears ſuch*Proportion to che Line of Sines 
whereto it is fitted, as the Secant of the particular Latitude doth to 
the Radivs, which is the ſame that the Radius bears to the Colire 
of the Laticude, and conſequently, making the Lige of Sines to re- 
preſent the fitted Scale,the Radius of that Sire whereto it is fitted, 
mult be equal to the Cofine of the Latitude : and fo we needed no 
par*icular Scale, but this would remove the particular 'Scale, or 
Sca'e of Entrance, nearer the-Center, and wou!d not have been ſo 
ready as this fired Sca'e ; however, hence-I migt:t educe a gene- 
r3] method for finding the hour and Azimuth in the Limb, without 
Tangents or Setants- The firſt Work would be to proportion out 
a Sine to a leſſer Ridius, which would find the point of Entrance, 
the next wou!'d be to finde the Altitude, or Depreſſion, at 6. the 
third would be to enter the ſum, or Ciffe ence of the Sines of the 
Alritude, or depreſtion at 6 it the point of Entrance, and to lay 
the thred to the other foot; but [ (hall demonſtrate it from other 


Srounds. 
I. To 
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I. To find the time of Sun Riſing, er Setting. 


Take the Declination from the leſſer Sine, and enter \it at the 
Declination in the Scale of Entrance, laying the thred to the other 
foor, according to neareſt diftance,. and it ſhews the time of Ri- 
ſing or ſetting in the equal Limb. 

So when the Sun hath 13 © of South Declination, he riſeth at 
8'paſt7 in the morning fere}, and ſets ar 53 paſt 4 inthe after» 
n90N. 


2+ Tofind the truetime of the day. 


In Summer, or Northwardly Declination, take the diſtance be» 
tween the Altitude in the greater Sine, and the Decl.oation in the 
leſſer Sine, 

. Jn Winter, take the D:ciioation in the leſſer Sine, and with your 

Compaſſes add it to the Altitude in the greater Sine, « 

Theſe extents.enter at the Declination in the Scale of Entrance, 
and lay the thred co the other foot, according to neareſt diſtance, 
and in the equal Limb, it will lye over the true time of the day. 

In Summer, when the Declioation in the firted Scale is above the 
Altitude, the hour is found from 6 towards midnight, when below 
it, $owards Noon. 


Example. 


When the Sun hath 13 of North Declination, his Alcitude be- 
iog 39! 10/ will be a quarter paſt 9in the morning, or 3 quarters 
paſt 2 in the afternoon; and when he hath the ſame South Decli- 
nation, his Altitude being 16 14/ the time of the day will be found 
the ſame. 

The Converſe will find the Suns Altitudes on all bours by this 
fitted Scale,which 1 (hall bandle the general way. 


Ff 3. To 


218 TheUſts of the fitted Particul#d Sra'es 


3. To find thi Amplitide, 


Take the Dclination from the preater Sine, and enter it'at"the 
begianingof the Scale of Entrance, layirg the thred to the other 
foor, dccording to neareſt diftzrce, and it ſhews it'in the Limb:' 

W hen the Sun bath 13' of Declinarion, bis Amplitude will be- 
21 17, | 


4. T' find the Azimnth »f the Sun. 


In Sommer. tske the diftance between the*Alticude inthe leſſer 
Sire, and the Declination in the greater. | 

In Winter, or South Declinations,take the Declination from the 
gregcer Sine, and'addirto the Alticvde in the lcfſer Sine with your 
Compaſſes. _ Te 

Theſe Extents, enter at the AltitoCe in the Scale” of Entrance, 
and Jay the chr co the other foor, according to neateft diſkance, 
ty wy £qual Limb, it fhews the” Azimuth” from the Eaſt or 
Weſt. 

In Summer, when the Altitede'falls below the'Declination; the 
Azimuth is found from the Ezſt or Weſt, Northwatds ; when a- 
bove it, Southwards. - | 

So when the Sun hath 13! of North Declination, his Attitude” 
being 434 50 the Azimuth will be found to be 45' from Eaft or 
Welt, Southwards ; and when he hath the ſame South Declinati- 
on, . his Altitude being 14! 50” he ſh1ll hive the ſame Azimuth. 

Theſe Scales are fired co give che Atticude at ſix, and the Vers: 
tical Alcicade by InſpeQion, | 
Againſt the Declina. ion in the 1 mag Sihe* 


1... \ Vertical Ajtitude or Depreſſion 
Rands then Aicicude or Depreſſion at fix.” | 


When the Hour or Azimuth falls near Noon, mind againft what 
Arch of the Line of Sines the point of Entraace falls, the thred 


may belaid-to the like-Arch in the Limb,and the reſpeRive o——_ 
entred-: 
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watred.parallelly berween the Scale and the chred, and the ani 
foundin the Line of Sires. ine oF "oh L __ 
But we have a better remedy by help of the Verſed Sine of 994 
put thorow the whole Limb. | 


— —_— 
_— —— 


The joynt uſe of the Fitted Scale, with the 
Ver/ed Sine of 'g0* in the Limb. 


N the following Propoſitions, I ſhall! make no uſe of the leſſer 
Sing of-che Fitred Scale. EINER 
Get the Summer and Winter Meridian Altitude, by @mming 
and differeccing the Declinacion; and the Complemert of the Lati- 
rude, which may be done with Compaſſes in the equal Limb, by 
applying the, Chord of the Declination both ways from the Cc- 
latuude. Js. 


To find ihe Hogr of the Day in Winter. * 


; Take the diſtance between the Meridian Alticude, and the giver 
Altitude, our of the greater Sine of the ficred Scale,and 8s before, 
enter it at the Declination in the Scale of Entrance, laying the 
thred ro the other foot; according to neareſt giltance, and in the 
Verſed Sine of 9c4 it ſhews the hotir from Noon. 

So if the Sun bave 1 3* of South Declination, the Meridian Al- 
tirude is 25' 29, if the given Altitude be 17' 44/ the time of che 
day will be half an hout-paft 9 in the morning, or as much after 2 
in theafrernoon, . 

To. fina the Hyar of the Day in Summer. 

Take the diftance between the Summer Meridian Alcitude, and 
ropoſed Altitude, and if this extent be leſs then the diſtance 


i BY. @ Alticy 
, of the Declination in the Scale of Entrance from the Center,enter 
f2 it 
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it ar the Declination in the faid Scale, and laying the thred to the 
Other foot, it will in the Verſed Sine of 9o' ſhew the Hour from 
Noon. * | 

If the Sun have 23* 31/ of North Declination, his Meridian A[- 
titude will be 61 59/, if his given Altitude be 47' 51/, thetime of 
the day will be a quarter paſt 9 in the mornirg,or three quarters of 
an bour p3ſt-2 in the afternoon. 

If the Extent be larger then the diſtance of the point of Entrance, 
to wit; the diftance ot the Declination in the Scale of Entrance 
from the Center, the hour muſt be found from midnight. 

In this caſe, with your Compaſſes add the Sine of the Winter 
Meridian Altitude, taken from the greater Sine of the fitted Scale, 
to the Sine of the A'titude in the faid Scale, and enter the ſaid 
whole extent at the point of Fntrarce, as before ; and inthe Ver- 
ſed Sine of 90, the thred will ſhew the hour from midnight, 

When the Sun bath 23 31/ of North Declination, if his Alti- 
tudebe 5! 24/, the Ame of the day will be half an hour paſt-4 in the 
morning, or half an hour-paſt 7 in the evening, the Winter Meri- 
dian Altitude to this Declination being 14' 57/. When the hour 
in theſe examples falls nezr Noon, the extent of the Compaſſes 
may be doubled, or tripled,and an Ark firft foundin the Limb,then 
if the thred be laid over the like Ark from the other edge, it will 
accordingly in the Verſed Sines doubted'or tripled, ſhew the time 
fought ; and the like may be done for the Azimuth: 


To find the Azimw h of the Sun in Winter: 


Get the Ark of difference between the Spns Altitude, and the 
Complement of the,Eatitude, and in the greater Sine-of the fitted 
Scale, take the diſtance berween the faid ark, and the Suns Decli- 
nation, and enter one foot*of this Extent at the Altitudein the 
Scale of Entrance, laying the thred to the other foot; and in the 
Verſed Sine of go; it fhews the Azimuth from-Noon Meridian. 


| Example. 
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Example, 
Colatitude, — 38' 29/ 
—_— 12: 13 ( The Azimuth to this example, 
Ark of Difference—— 26: 1 5 {, will be 50' from the South, 
Declination ———— 13 : cO 


In Summer, get the Ark-of d.ference between the Altitude,and 
the Complement of the Latitude, then when the Suns Altitude is 
the leſſer of the two, take the ſum, bur when the greater, the dif. 
ference of the Sines of the Suns Declination, and of the ſaid Ark, 
and enter it atthe Altitude on the Scale of Entrance, and you will 
find the Azimuth from the noon Meridian, as before ;- but when 
either of thoſe extents are larger then the diftance between the 
point of Entrance and the Center, the Azimuth muft be found 
from the midnight Meridian. 

Inthis caſe, take the difference, that is, the diſtance ofthe Sines 
of the Suns Declination, and of the Ark, being the ſum of the 
Altitude and Colatitude,ont of the greater Sine of the fitted Scale, 
and enter it at the Alcicude in the Scale of Entrance, laying the 
thred to the _ foor, and inthe Verſed Sine it ſhews the. A'zi- 
muth from the North, | 


E x ample for finding the Azimmh from the North. 


Colatitude - — ———3% 28” 
Altitude ——- 14:15 { The Azimuth to this example, 


will be found to be 709 fromthe 
. SUM MONK... : 43 North. ——_ 
Declinationg————23: 31 


of. 
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Of the joynt uſe of the Diagon | Sca'e, with the Line of Sines 
on this Quaarant. 


If the reſpeRive extents that found the Hour and Azimuth in 
the Limb on the ſma)l Quadrant, be doubled, and applyed here to 
the Line of Sines ifluing from the Center, which in this caſe be- 
comes the Scale 0f Entrance, the Hour and Azimurh will be alfo 
found in the equal Limb of this Quadrant, for all thoſe reſpeRive 
Latitudes to which the Diagonal Scale is accommodated. 


a> CO eee ren 


—_— —_ ——— — —— 


Of the” Hour and Azimuth Scales on the 
Back-ſide thereof. 


f $- ray Scales were fitted to the Verſed Sines quadrupled on 
that ſmall Quadrant, and conſequently, are ficted to the Ver- 
ſed Sine of 904, and the Line of Sines on this Quadrant, which is 
juſt double the Radius of that Quadrant. 

Thoſe Scates are peculiarly ficted for the Latitude of L yd, 
and thereby we may alwaies find che Hour and Azimuth in the 
Verſed Sine of 90, without the trouble of ſumming or differecs 
cing of Arks, 


1. By the Hour Scale, to find the Hon of the Dy, 


Take the'diftante berween the Declination,_ propes; to the ſes» 
ſon of the year, and the Altitgde, :and-entering 0ng.foot of that 
extent at the Complement of the Declination in the Sines, Jay the 
thred to the other foor, according to neareſt diſtance, and it ſhews 
the hour from Noon. 


E x ample, 


| 


4 


of thefitted Scakt'onthe Ruler, 4: 


Example. 


When the Sun hath 1 34 of North Declination, his Alritude be» 
ig 47 24/,the Hour will be 3o/paſt 10 in the morning,or as much 
paſt 1 inthe afternoon. 

In Summer, when this extent is greater then the Coſine of the 
Declination, and that it will be, when the Sun hath leſs Aiticude 
then he hath at 6, | 

The Declination is graduated againſt the Meridian Altituces, In 
this caſe, add the Sine of the Altitude given, to the Sine of the 
Meridian Altitude ir, Winter, to that Declination, with your Com- 
paſſes, and enter that whole cxtent at che Declination courted in 
the Line of Sines from 90' laying the thied to the other foot, ac- 
corcing to neareſt diftarce, and inthe Verfcd Sine of go', it will 
ſhew the hour from midnight. 


' Detlination, — 23 37' North, / The hour will be found either 


k » 4 in the morning, or 8 at 
Altitude-— — tt : 34 night. 


2+ By the Azimnth Scale, to fird the 12'mu'h of the Sun. 


Take the diſtance between the Declination proper tothe ſeaſon 
of the year, and the Altitude, and entering one foot of this ex+- 
tent at the'Complement of the A'tirude in the Lines of Sines iſſuing 
from the Center, to the other lay the thred according to neareſt 
diſtance, and it ſhews the Azimuth from the noon Meridian in the 


Verſed Sine of 99/, 


Decination—23' 31/ North, T The Azimuth hereto will be found ' 
A'ti.ude——— 47: 27 65 | from the South. 


In Summer, when this extent is greater then the Coſine of the 
Alkicude, and that jt will be, when the Sun hath leſs Altitude then 
he hath in the Vertical, the Azimuth muſt be found from the mid- 


night Meridian.. Jn this caſe, becauſe the Azimuth Scale is not 
continued 
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continued far enough, the ſum of the Altitude and Colatitude muſt 
be gotten, and the diftance raken between the ſaid Ark and the De. 
clination, counted in the hour-<cale «s a Sine, and that extent en- 
tred at the Altitude counted from gc# in the Line of Sines, and the 
thred laid to the other foot, will (hew the Azimuth from the North 
ig the Verſed Sine of 96% inthe Limb. 


Colatitude,,.—— — 38 28/ | 
Altitude———— 10:19 (The Azimuth to this example will 


Sum ————48 0 be 65 ' from the Nerth. 
Declination —*23 3 31 
North. 
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It now remains to be ſhewed, how the Hour, and Azitnuth, &e. 
may be found generally, either in the equal Limb,or in the Verſed 
Sine 0 90', and that without the help of Tangents or Secants, and 
poſlibly with more convenience then with them. 

In page 55. Ihave aſſerted, that the fourth term in any dire& 
Proportion, bears ſuch Proportion to the firft term, as the ReQan- 
gle of the rwo middle rerms doth to the ſquare of the firſt term. 

And in page 105. That the Sine of any Arch bears ſuch propor- 
tion to-the Secant of the Complement of another Ark, as the 
Re&angle vf the Sines of both choſe Arks, doth to the Square of 


the Radius, 
Whence it follows, 
That, eAs the R adiue, 
Is to the Sine of one of the ſides including an Angle, 
So ts the Sine of the other containing ſide, 


Toa fourth Sine. 
I ſay chen, that this fourth Sine bears ſuch Proportion to the 


Radius, as the Sine of one of thoſe including fides, doth to the fe- 
cant of the Complement of the other. 
And therefore, when three ſides are given to find an Angle, it 


w ll hold, 
At 
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As the Rading, 
Ii to the Sint of one of thoſe including ſides, 


0 6 th other C: 
fe Seen f other rdlaaing [trite 


As that fourth Sipt, 
ne 7 7 tors Mfferemel the Varſes Sing of thethirgicdr, audpf the 
 » 4th of: ff ewe betmeep the rw ieefading fdess 1-111 
8d the Rave, Lol 
T othe Verfed Sine of the Angle ſorght, 
And us.thas fourth Sing, 
1: ta the ifferenee of the Verſes _ al- ow _ fat, _ wh 
furs of xbe. Wor lndong has 
iSo 26 the Hal 
To chr Herſed Sine.of the ſogi dogs, Gaps ” aho's gr 


4 Semicircle. 


Again, 


Thus we are freed from a.Secant in the two firſt tertns of 3 ſeve- 
ral Proportions that find @ Hour and Azimuth : All which I 
ſhall furcher confirm from the « Apalemmon, and then proceed to 
Application,in the Scheme annexed. 


Go Propoj'- 


Proportions in the Analemma. 


Proportions in the Analemma, 


Pon the Center C, draw a Circle, and'let N C be the Axis 

of the Horizon, and E PÞ the Axis of the World, & C 
the Equator, © F and Z Y'ewo Parallels of Declination on each 
ſide che Equator, alike equidiftant, S G the parallel of Altitude 
at6, and D E F theparallel of Depreſſion at 6; draw a pa- 
rallel of Alticnde leſs then the Altitude at 6 V R, and another 
greater M N continued; alſo a parallel- of Depreſſion leſs then 
the Depreſſionat6 W P, and another greater X Y, and there 
will be confticured diverſe right lined, right angled Triangles, rela- 
ting to the motion of the Sun or Stars, in which it will hold, 


S © Gap SEC os 
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At Rading is x the Coſine of the Drelination, | 

$9 ix the Ceſine of the Latitude 42:52 

To fourth. 

Namely the difference of the Sines of the Meridian Akitude,and 
Altitude at 6 in Summer, equal-to the Sum of the Sines of the Me. 
ridian Altitude and a atGin Winter, which is equal to 
the ſum of the Sines of the midnight Depreſlion and Altitude at 6 
in Summer. 

A:B©:: B:A©- Again the ſame, ASD:SE-:E:DS 

Again the ſame G:BF:: B:FG. 


As that fourth i to the Radins, 

Sou the Sint of the Meridian «Altitude, 

To the Verſed Sine of the Semiliarnal Ark 
A®O: ©B :: OI; ©K. 


The two firſt terms are commonto all the reſt of the following 
Proportions. 
And ſo ts the Sine of the midnight Depreſſion, 
To th: Verſed Sine of the Semmofturnal Ark, 
GF:;BF:: FLtoKE. 


eAnd ſo 1s the Sine of the Altitude, 
T o the difference of the Ver ſed Sines of the Semidiurnal Ark, and 
Howr ſought from Non, 
©A: BO:: IM; KN. 


And ſo ts the Sine of the Depreſſion, 
To the difference of the Verſed Sines of the Semineurnal Ark, 
and of the hour from Midnight, 
FG: FB: PL:K 


And ſo « the differcnce of the Sines of the Suns Meridian, «nd 
iven Altitude, | 
To the Verſed Sine of the bour from Noon, 
OA: OB :: OM: ON. 
Geg2 If 


Ny nip aan, 
If thes on WAVE TDVEbreitn, 
So u the ſum of the Sines of re Sit Mn Maw Vt, aw 
propoſed Deprifſion, : 
"_ - My V. Ht Sine q, the hour Li Nev, 
A@:@B:oQ: cO 


And fat s the ; differente. of the Sins of the Might tidyropn- 
.C ſer Deproſſion, 
To the Verſed Sine of the hour (r(m Midziht, 
FG: FB :: PF: OF. 


But ſuppoſing the Sun to have Altituce, retaining Riill the two- 
firſt terms, it holds. . 
Ana foi 4 the ſumef the Sines f 'the Midnghi DiYrifiin and 
given Alcitnae, 
Ta the Verſed Sine 'of the hour from Midnight. 
1, KG: FB;: FR: FS. 


And ſo ts the Sine of the Altiinge, or Deproſſ ar ſix, 
To the Sine of the Aſeerſuigl 4 fe erence, 
A®: ©B : AI: | 


In Summer, if the Sun have Altitude, 

$o #4 the difference of the Shues of the Altitude at fix, "Did of the 

iven Altitude, 

To the Sine of the howr from hx; tolvards Nion, if the given 
Altitude be greater then the Alt ride at fe, other wiſe to- 
wards Midnsght. 

A@©B:: AM: BN." Alſo AD: CB: AT:BS, 


If tie have BY ettion, 
So « the ſum of rhe Sines of the Alti udi at ' ſix,” and the gives 


Deprefſion,. 
Tothe Si oy of the Heur ; bi ” towards Midnight, 
A®:.0B: A |; BO, 
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In Winter, if the Sun heve' Altitude: 
Ss is the the ſun of the Stmes of bir'Depeeſſion at 6, and of his 
given-Altitnde, 
To the Sinvdf the hour from 6 toward Noon, 
SD: SE: DV: ZE. 


If he'have Depreſiidn. 

So 1 the difference of the Sines of his Depre ſim at 6, and of h x 
g:ven Depreſſion, 

'To the Str of the hour from 6 towards Noon, when the De- 
preſſion ts leſs then the Dep1ſſion at 6, etherways towar/s 
Midnight. 

SD: SE: WD: QE, 
SD: SE::DX: EY. 


When two terms of a Proportion happen in the common Ra» 
dius, and ewo in a Parallel, there nexds no ReduQion. 

In Latitudes nearer the Poles then the Polar Circles, the Semi- 
diurnal Arks, -when the Declination is towards the Elevated Pole, 
will be more then the Diameters of their Parallels; in thar caſe, 
the difference, is the difference of the Verſed Sine of the Hoar,and 
of the fourth Proportional, faund by the Proportion that firids the 
Semidiurnal Ark. 


— 


General Proportions for the Hour. 


The Proportion ſeleRted for the Hour is, 
Ai the Radire, Is tothe Coſine of the Latitude, 
£9 1s the Coſune of the Declunation, 
To afentth : SG 
Namely, che difference of the Sins of the Mexidian Alticude, 
andof : the Altitude at 6, 


Again, 
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| Agdin, 
I. - As that fourth, Is to the R adins, : 
So in Summer, 5s che difference ; bat in V Vinter, the ſum 
of the Sines of the Suns Altitud: or Depreſſion at G, 
To the Sine of the Hour from 6 tewards Noon cr Midnight, 
according as the Altitude or Depreſſion is greater or leſt 
they the eAltitude or Depreſſion at G. 
2. eAndſois the difference of the Sines of the Meridian, and 
propoſed «Altitude, 
To the Verſed Sine of the Hour from Noon : 
Ani ſo is the ſum of the Sines of the Midnight Depreſſim, 
ant given 4l:itnde, 
To the Verſed Sine of the Hour from Midaight. 
3. Andſois the Sint of the Altitude, 
To the difference of the Verſed' Sines of the Semilinrnal 
Ark, andof the Hour ſought. 


By the firſt Proportion, the hour may be found generally,either 
in the <qual Limb, or Line of Sines. 

By the ſecond Proportion, it may be found generally, either in 
the Verſed Sines of yo, or 180\, 

By the third Proportion, ic may be foundin the Line of Verſed 
Sines iſſuing from the Center in many caſes, I (hall add a brief 
Application of all three ways. 

The firſt Work will be to find the point of Entrance. 


Example, For the Latitude of Nottingham, 53. 

Lay the thred to the Declination, admit 20 in the Limb,counted 
from the lefr edge, and from the Latitude in the Line of Sines, 
counted towards the Center from 90'; take the neareft diftance 
ro the chred, the faid extent meaſured from the Center, will fall 
upon 34 25”, and there will be the point of Entrance ; let it be 
recorded, or have a mark ſet to it. 

If the Suns Declination be North, the Meridian Alticude inthat 
Latitude, will be 577, the ſaid extent will reach from the Sine there- 
of, to the Sine of the Suns Alticude, or Depreflion at 6, to that 
Declination, namely, to 15 ' 51/: which may alſo be found with- 
our 
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out the Meridian Altitude, by taking the diſtance from 20! in the 
Sines, to the thred [aid over the Arch 53', counted from the 
right Edge, and by meaſuring that extent from the Center, the 


point thus found, I call the Sine point. 
Thirdly, If the reſpe&ive diſtances between the Sine point, and 


the Sine of the given Aſricade, be taken and entred upon the point 
of Entrance, laying the thred to the other foor, according to near» 
eft diſtance, the hour may be found all day for that Declination, 
when it is North in the equal Limb. 


Example, Por the Latitude of Nottingham , ro the former 
Declination, being Nyrth. 


When the Sun hath ve ; f - of Alcitude, the Hour in each 
Caſe will be found half an hour from 6, to the leſſer Altitude be- 
yond it, towards Midnight ; to the greater, towards Noon. 

And when the Altitude is 3$* 19/, the time of the day will be 
either half an hour paſt 8 in the morning, or half an hour paſt 3-in 


the Afternoon. 


An Example for the Latitude of Nottingham, When the 
Declination is as much South. 


Let the Alticude be'ro! &/, In this caſe add the Sine thereof to 
the Sine of 15* 51/, the whole extent will: be equal to the Sine of 
26' 39/ ; Enter this Extent upon the point of Entrance at 34' 25/ 
laying the thred to the: other foor, according to nearelt diftance, 
dhe time of the day found in the Limb, will be either half an 


tour paſt g in the merning,or half an hour pzft 2 in the afternoon, 
Ais Example for working. the ſecond Proportion. | 


The Summer Meridian Altitude is 57, if the given Altitude be 
464 11/, take the diſtance between the Sines of cheſe ewo Arks,and 
entring this extent upon the point of Entrance, lay the thred to 


the other foot, according to neareſt diſtance, it will in the Verkd 
ine- 
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Sine of 90', ſhewthe Hour from:Noon to be 37' 30/, thatis, & 
ther half an hour paſt 10 in the moroiog, or half an hour. paſt 1 in 
the Afrernoon. 

And when the Hour falls near Noon,we may double of triple the 
extert of the Compaſſes, and find an Ark in the Limb, which if 
counted from the other edpe, and the thred laid over it, will give 
anſwer in the Verſed Sines doubled or tripled accordingly. - 


A third Example. 


If the Altitude were 3' 15/, inthiscaſe the difftance between ir 
ard the Meridian Altirude being greater then the diſtance of the 
point of Entrance from the Center, the hour muſt be found from 
Midnight ; add the Sine thereof to the Sine of 17, the Winter 
Meridian Altitude, the whole exent will be «qual co the Sine of 
'20 25/; Enrerthe ſaid extent upon the point. of Entrance, as 
before, and inthe Verſed Sige of 90', the hour,will be found to be 
either half an hovr peſt 4in the Moraing, orbalf an hovr paſt 7 
in the'Evening. 


Exam ples for work ng the third Proportion. 


Take the Sine of 30', and-enterituponthe point of Entrance, 
laying the thred to the other foot, according to neareft d ftance, 
ard chere keepit ; then taketheneareft difiange coir from the Sine 
of 57 , the Meridian Alti:ude ; andithe ſaid Extent prick upon tbe 
Line of Verſed Sines on the left edge,and.itiwill.reachco 1.18. 54/, 
ſet a marktoic. Laſtly, the neareſt-diftance;from che Sine of each 
reſpeRive Altitude ro the thred, being;pricked:from the ſaid mark, 
wil] reach'to the Verſed Sine-of - the howt-lsam., Noon, ;for North 
Declinations. 

So when the Stntath -24'«48/-of Alkicade ;. the Hour from 

7:17 


Noon will be found to-be 


\b&5. . 


—_Y UW OS Co» wo wy os 
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eA Winter Example for that Declination. 


The neareſt diftance frotn che Sine of 17', the Winter Meridian 
Altitude, to the thred, will reach to the Verſed Sine of 614 &/, the 
Complement of the former to a Semicircle, a; which ſet a mark ; 
thenif che Altitude were - > — 12' 30 

| 14: 26 +the 
neareſt diſtances to the thred prickt from the latter mark, would 
ſhew the hours to theſe Altitudes ro be F 2 hours fn 
I z hour om Noon 

This 1afſt Proportion in ſome cafes will be inconvenient, being 
liable ro excurfion in Latitodes more Northwardly, 


Two ſides with the Angle comprehended, to find the third fide, 
As the Radzns, 
14 to the Sine of one of the Includers, 
$9 us the Sint of the other Includer, 


To 4 fourth. | 
Again, 
As the Radire, 
1s ro the Verſed Sint of the Angle included, 
So 3: that fourth, 


To the difference of the Verſed Sines of the third ſide, and of the 
Ark, of diff-rence between the two including ſides, 

And ſo us reeVerſed Sineof the Included Angles Complement to 

180. 

To the difference of the Verſed Sines of the third fide, and of the ſum 
of the two including ſides. 

Another Proportion tor fiading it in Sines, elſewhere deliver ed. 
By the former Proportion, having the advantage both of leſſcr 

and prearer Verſed Sines,we may fiad che ſide ſought, either in the 

line of Sines,or in the line of Verſed Sines on the the left edge,iffu- 

ing.from rhe Center. 


Hh 3 
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The Converſe of the Proportion that found the Hour, will find 
the Suns Altitudes on all Hours. 
As the Rading, 
Is to the C efine of the Latitade, 
. Sour the Coſine of the Declination, 
Toa fourth Sine, 

Namely, The difference of the Sines of the Suns Meridian 
Altitude, and of his Altitude at 6 in Summer, but the ſum of the 
Sines of his Depreflion at 6, and Winter Meridian Altitude, here. 
by we may obtain the point of Entrance and Altitude, or Depreſ- 
fion at 6, as before, and let them be recorded, then it holds, 

As the Radius, 
Is to the Sine of the Hot. [rom 6, 
So t that fourth Sine, 
To the difference of the Sines of the Suns Altitude at 6, aud of hu 
Altitude ſought ; But in Winter, To the ſum of the Sints of 
his Depreſſion at 6, and of the Altitude ſought. 


Hereby we may find two Altitudes at a time. 

Lay thethred cothe Hour in the Limb, and from the point- of 
E..trance, take the neareſt diſtance to ir, the ſaid Extent being ſer 
down at the Altitude at 6, ſhall reach upward to the greater Ali- 
tude, and downward, to the leſſer A'ticude. 


Example. 


Admit the hour-to be 5 and 7 in the-morniog, the Altitudes 
thereto for 20 North Declination for the Latitude of Notring- 
ham, will be found to be 7' 17/, and 24 48/ 

If the Hour be more remote from 6 then the time of Riſing, 
we may find a Winter Altitude to as much South Declination, and 
# Summer Altitude, to the faid North Declination. 

Thus if the Hour be 45 from 6; that is either 9 in the morning) 
or 3 inthe afternoon, the neareſt diftance from the point of En- 
trance to the thred, will reach from the Sine of 15* 51/, the = 


£ 
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tude at 6-upwards, to the Sine of 42' 19, the Summer Altitude to 
chat Declination : But downwards, it reaches beyond the Center : 
In this caſe meaſure, that ex'ent from the Center, and take the di- 
ftarce between the inward fcot of the Compaſſes, and the Alti- 
tude at 6, which meaſured on the Sines, will be found to be 7! 17/ 
for the Winter Altitude to chat Hour. 

So if the hour were 60' from 6, that is either 10,0r 2, the Sum- 
mer Altitude wou'!d be fourd to te 49' 42/, andthe Winter Alti- 
tude 12 30. 

And this may be found in the Verſed Sines on the left edge, ac- 
counted as a Sine each way from the middle, if uſe be made of the 
leſſer Sines, inſtead of the Limb, in finding the point of Entrance, 
as alſo, in laying it to the Sine of each hour from 6, in which caſe 
the Compaſſes will alwaies find ewo Altitudes at once; for when 


* they fall beyond the midſt of the ſaid Line, it ſhews the Winter 


Alticudes counted from thence towards the end of the faid Verſed 
Sines. 

Having found the fourth Sine, which gives the point of Entrance 
as before, the Altitudes on all hours may be found by the Verſed 
Sines of 9o'in the Limb, the Proportion will be, 

As the R adings, 

Is to the Verſed Sin» of the Hour from Noon, 

$0 is the forth abeveſaid, 

To the differ cnce of the Sines of the Meridian Altitnde, and of the 

Altitude ſought. 
But for hours beyond 6, the Proportion will be, 

As the Radivs, 

Is to the Verſed Sine of the Hour from Midnight, 

So 5s the fourth aboveſaid, 

To the ſum of the Sines of the Suns Depreſſion ar Midnight (equal 

to bis Winter Meridian «Altitude, ) and of bis Altitude ſong he, 
Hereby alſo we may find two Alcitudes at once. 


Oper at joy, 
Lay the thred to the Verſed Sine of the Hour from Noon, and 


from the point of Entrance at 34 12Y's take the nearct diftance to 
3 it, 


236. Propertions for the. Altitudes 
itthe ſaid Extent hall-reach from the Summer Meridian Alcitude, - 
accounted inthe Sines co the Altitude fought; alſo.from the Wine 

ter Meridian Alcitude, to the Altitude ſought. 


Ex ample. 


Latitude of Nottinghamis 53', Complement' - — 37* 
Suns Declination,- aS-: +... 


Sum beivg the Summer Meridian Alticude— 57' 
Difference being Winter Meridian Altitude 17 


If it were required to find the Altitudes for the hours of 
The Extems ſo\ 55 co/ _ che = 5'51 


Ht I 

100 4 2 taken out will find( 49, 42 )Altitudes to the( 12, 36. 
9 3 the Summer Alti-( 42, 18 Yſame hours and( 7,17 
> 4 tudes to be- 33, 47 Declination—_J oo, 32 


Butfer hours more remote from the Meridian then 6, as admir 
for 5-in the morning. or 7 at night, which is 75* from the North 
Meridian ; lay the thred to the ſaid Ark in the Verſed Sine of god. 
and the diſtance from the point of Entrance to it,ſhall zeach from 
the Sine of 57', the Meridian Altitude, to the Sine of 24' 48/ the 
Summer Alcitude ſor the Hanr 754 from.Noop, andifchat Exzent 
be pricked from the Winter Meridian A'titude,it will reach beyond 
the Center,in-which caſe, encer that Extenc uponthe Line of Sines, 
and take the diſtance between the point of limitation and 17', 
which will (being meaſured ) be fonad to be the Sine-0f 7* 17, the- 
Altitude belonging tothe hour 105 from Noon. 


Jn like manve?, the Alcirudes forthe bours. 97' 307g aq... 


112, 39 
| F Spot og E {11 31/ 
that - is 167, 30 from Midoighy vgll be, 3: 15 and for the 
like hours from Noon 7 wo"T7 


29: 19; 
| Tn 
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In like manner, it might have been found in the Verſed Sinesif- 
foing from the Cenree, if in finding the point of Encrance, and in 
laying the thred to the Verſed Sine of the Hour, we make uſe of 
the leſſer Sines, and of the Verſed Sine of 180% in the Limb. 


For the Azimuth. 


Two of the former Proportions may be conveniently applied to 
other ſides, for finding the Azimuth univerſally. 


A rhe Racine, 
I: to the Cofine of the Latitude, 
Sost the Cofine of the Altirude, 
Toa fonrth Sint. 


Ger'the ſum of the Altirnde and Colatitode; or,which is all one, 
the ſum of the Laticude'and Colatitude ; and if ic exceeds a Qua- 
drant, take its Complement to a Semicircle : This fourth Sine is 
equal to the difference of the Sines of this Compound Ark; and of 
another Ark to be thereby found, called the latter Ark. 


Tcea ic bolds, 

As the fourth Sing,. 

1s to the Raging, 

So in Summer is the differtme, but is Winter, the ſum of the Sines 
of this latter Ark, ana of the given Declination, 

To the Sine of the Azimmth from the Vertical, 


When the latter Ark is more then the Declination, the Azimuth 
wili be found from the Vertical cowards:the Noon Meridiargother- 
nic towards the Midnight Meridian,and io winter, always towards 
the Noon Meridian. 

For ſuch Stars as come to the Meridian between the Zenith and 
the elevated Pole,the fourth Ark will never exceed the Stars decli- 
nation, and their Azimuth will be alwaies found frem the Vertical 
tewards the Meridian they come to,above the Horizon. 


E xample. 
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Example for the Latitude of Netringhant, 


Complement of the Latitude is — 
Altitude is 40 — _ ——-40 
Sum —, 


Let the Declination be 20' North. 

To find the point of Entrance, take the neareſt diſtance to the 
thred laid over 50 in che Limb, counted fiom right edge from the 
Sine of 37", the ſaid Extent meaſured from the Center, falls upen 
the Sine of 27' 2&/, and there will be the point of Entrance ; the 
ſaid Extent prickt from 77 ' in the Sines, will reach to the Sine of 
30 5v, where the Sine point talls. 

Lattly, The diſtance between the Sine point, andthe Sine of 20' 
being entred at the point of Entrance, and the thred laid to the 
other fooc, the Azimuth will be found in the cqual Liab to be 21' 
48/ from the Faſt or Weſt Southwards, becauſe the Sine point fell 
beyond the Declination. 


Another Example for that Latitude, the Declingtion bring 
20 ' South Altitnde. 12% 3&f 


The point of Entrance will fall at the Sine of 36' 

The Sire point may be found without ſumming or differencing 
of Arks, by taking the nearcRt oiftance from the Sine of the La- 
titude, to the thred laid over the Altitude, counted in the Limb 
from the right edge ; which Extent beiog added to the Sine of 20! 
the Declination, the whole Extent will be equal to the Sine of z1', 
this being entred on the point of Eatrance, and the thred laid to 
the other foot, the Azimuth will be found to be 61' 14/ from the 
Ez or Weft Sourhwards, 
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A third Example for the Lutitnde of London, 51 32/, 


Let it be required to find the Azimuth of the middlemoſt Scar 
in the great Bears tail, Declination is 56 45/, ler the Altitude be 
44 5Y. 

The neareft diftance from the Sine of 38' 28/ tothe thred laid 
over the Altitude counted from the right edge, will find the point 
of Entrance to be at the Sine of . _ —————:6&, 

The neareſt diftance from the Sine of 51 32' to the thred laid 
over the Alcitude,counted from the right edge,need not be known, 
but the diftance between that Extent, and the Sine of 56' 45/, the 
Stars Declination being entred on the poivt of Entrance, will find 
the Az'muth of that Star, by laying the thred to the other toot, to 
be 40 from the Eaft or Weſt Northwards. 

Thus we find it the general way, and ſoit will alſo be found by 
the fitted particular Scale; for the Hour, the point of Entrance,and 
Sine point, vary not till the Declination change ; but for the Azi- 
muth, they vary to every Altitude, 


To find the Azimmwt hin the Verſed Sines. 


As the fourth, found by the former Propertion ; namely,whece the 
point of Entrance hapned, 

1: to the Rating, 

So 5s the difference of the Verſed Sines of the Polar diſtance, and of 
the eArk of Difference betvwren the Altitude and the Latitude, 

To the Verſed Sine of the eAzimut' from Midright Meridian. 

This finds the Angle ic ſelf in the Sphere, 

And is the difference of the Verſed Sines of the Polar diſtance, 
and of the Ark of reſidue of the ſum of the Latitude and Alti» 
twde taken from a Semicircele. 

To the Verſed Sine of the eAzimuth from Neon Me ridi n. This 
finds the Complement of the Angle in-the Sphere to a Semi» 


circle, 
The 
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The Propertion to find is from Mi-night Meridian, the third 
term being expreſi'd in Sines, will be thus. 


Get the ſum of the Altirude and Colatitude, and when it exceeds 
a Quadrant, take its Complement to a Semicircle, the Ark thus 
found, is called the Compound Ark. Thenutbolds, 
As the fourth ſonnd before. 
I; to the Radius, 
$o in Summer Declinations, 5: thr difference, but 'in Winter De- 
clinarions, the ſum of the Sues of the Swns or Stars declinatson, 
and of the compornd Ark,, | 
To the Verſed Sine of the Azimuth from 1he Afidnight Meridian 
of the place. | 
Ui! thi Proportion alwaies for the Son of Stars, when they 
come to the Meridian between the Zenith and elevated Pole. 
And to find it from the Noon Meridian, 
Get the difference between the Altitude and- Colaticade, and 
then it holds, 
As the fourth Sine found before, 
I: ro the Radins, 
So is the ſum of the Sines of the ſaid Ark of Differexce, and of the 
Suxs Declination, 
To the Verſed Sine of the Azimuth from the Noon Meridian, in 
Summer only, when the Suns Altitude is leſs then the Colati- 


tude. 
In all other cafer, 
$0 is the difference of the ſaid Sines, 
Tothe Verſed Sin: of the Azimuth, as before, from Noon HMeri- 


dian. 


If by the former Proportion it be required to'find-cbe Azimuth 
in the Verſed Sine of 904, a difference of Verſed Sines taken out 
of the Line of Verſed Sines on the left edge muſt be- doubled, and 
being taken out ofthe Line of Sines, as ſometimes repreſetxing the 
G_ ſometimes the latter half of a Verſed Sine, needs not be 

oubled, 


E xample. 
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E xample- 
Latitude of Nottingham —— 5 3 
Altitude of the Sun — 4 


Ark of difference —— -— 49 
© Declination 20 North,the 
Polar diſtance is- ——70 
The Point of entrance will fall at the Sine of 36' 54/ 
And the difference of the Verſed Sines of 49 and 70', equal to 
the diſtance between the Sines of 41' and 20 being entred at the 
Point Of entrance, ard the Tbread laid to the other foot will lye 


over 61 3c&/ of the Verſed Sine of 90 , and ſo much is the Suns 
Azimuth from the North. 


Another Example for finding it from the Sonth when the Alti- 
tude is more then the Colatitae, 


Altitude— — 47 
Colaticude 37 of Nottingham. 


D—— — — 


IO 


difference 


The Point of entrance will fall at the ſine of 24' 14 found by 
taking the neareft extent from fine of 37' co the Thread lying 
over 43 of the Limb the Coaltitude. | 

Then the diftance between the (ines of 10',the Ark of difference 
a3 above, and the ſine of 20 the Suns North Declination being 
entred at che Point of entrance, and the Thread laid to the other 


foot, will ſhew 53' 55/ inthe Verſed ſine of 90' for the Suns Azi- 
muth from the South, 


ef third Example when the Altitule is leſs they the Cola- 


titude in Summer. 


Complement Latitude 37* of Nottingham. 
Altitude — —— —34 


dfference———— 3 
I i 
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The Point of entrance will fall at the fine of 29' 55/, and the 
ſum of the ſines of 3', and of 20* the Suns declination ſuppoſed 
North, is equal to the fine of 23* 13/.: Which Extent entred at 
29' 55/, the Point of entrance, and the Thread laid to the other 
foot according to neareſt diſtance, it will interſect the Verſed ſine 
of 90" arthe Ark of 77" 57/, and fo much is the Suns Azimuth 
from the South. 

And if there were no Verled ſines in the Limbe, find an Ark of 
the equal Limbe, and enter the fine of the ſaid Ark down the Line 
of fines from the other end, and you may obtain the Verſed fine 
of the Ark ſought, 

More Examples need not be: inſiſted upon, having found the 
Point of entrance , the diſtance between the Verſed fines of the 
Baſe or ſide ſubtending the angle ſought, and of the Ark of dif- 
ference between the two including fides , being taken out of the 
ſtreighr:Line of Verſed Lines on the left edge, and entred at the 
Point of entrance, laying the Thread to the other foot ſhews in 
che Verſed Sine of 184in the Limb the angle ſought ; and if the 
ſaid diſtance or Extent be doubled, and there entred it ſhews 
the argle ſought in the Verſed Sine of 90*, when the Angle is leſs 
then a Quadrant, when more, the diſtance bezrween the Verſed 
Sines of the Baſe and the;ſam of the Legs , will find the Comple- 
ment of the angle ſought to a Semicircle without doubling in the 
Verſed Sine of 180! in the Limb; with doubiing in the Verſed 
Sine of 904, 

Laftly, Three ſides, viz. all leſs then Quadrants,or one of chem 
greater, generally to find an angle in the equal Limb, the Pro- 
portion will be, 


eAs the Radius, 

Is to the (, ofine of one of the inclucing ſides : 

So t the Cofine of the sther Includer, 

To a fourth Sine. | 
Again, 


eA's the Sine of one of the Includers, 
Ta the Coſecam of the other ; 


@ «a © Þ * YE Ye 
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So When any one of the ſides is greatty then a' Quadrant the ſum , 


but When all leſs, the difference of the ſonrth Sint , and of the 
Coſine of the third fid:, 


To the Coſine of the an; le ſought. 


If any of the three ſides b? greater then a Quadrant, it ſubrends 
an Obtuſe angle, the other angles being Acute; But when they 
arc all leſs then Quadrants, if the 4* Sine be leſs then the Coſine 
ofthe third ſide, the angle ſought is Acuce, if equal thereto, it is a 
right angle, if greater an Obtule angle. 

From the Proportion that finds the Hour from ſix, we may educe 
a ſingle Proportion applyable to the Logarithms without nacu- 
ral Tables for Calculating the Hour of the day to all Alcicudes, 
By turning the third Tearm, being a difference of Sines or Ver- 
ſed Sines into a ReRtangle, and freeing it from affeRion. 

The two firſt P:oportions to be wrought are fixed for one De- 
clination ; The firſt will be co find the Suns Altitude or Depreſli- 
on at ſix. 

The ſecond will be to find half the difference of the Sines of the 
Suns Meridian Alritude, and Altitude ſought, &c. as before de» 
fined, the Proportion to find it is, 


Als the Secant of 60', 

To the Coſine of the Declination : 
So & the Coſine of the Latitude, 
To the Sine of a fourth Arch. 


Laftly, 7's find the Hoxr. 

Get the ſum and difference of halt thc Suns Zenith diſtance at 
the hour of ſix ; and of half his Zenith diſtance to avy other pro- 
poſedAlticude or Depreſſion. 

Theo, As the Sine of the fourth Arch, 

1s to the Sine of the [um : 
S$» 4 the Sine of the difference, 
Ts the Sine of the howr from fix towards Noon or Mid- 
zight, according as the Altitude or Depreſſion was 
greater or leſſer t _ the Altizude or Depreflion at -—» 
1 2 
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Obſerving tbat che Sine ofan Arch greater the a Quadrant, is 
the Sine of that Arks Complement to a Semicircle. 


Of the Stars placed upon the Znadran b:low the Projelion.” 


L L the Scars placed upon the ProjeRtion are ſuch as fall be- 
A eween the Tropicks and the Hour may be found by them 
with the ProjeRion, as in che Ue of che ſmall Quadrant : Which 
may alſo be found by the fi:ted particular Scale, not only for Stars 
within the Tropicks , but for all others without, when their Alti- 
tude is leſs then 62', and likewiſe their Azimuth may be thercby 
found when their Declination is not more then 621, 

For other Scars without the Tropicks , they way be put on be- 
low the ProjeRion any where in ſuch an angle that the Thread 
Jaid over the Star ſhall hew an Ark in the Limb, at which 'in the 
Sinzs the Pyint of entrance will always fall ; And again, the ſame 
Star is to be graved at its Altitude or Depreſſion at ſix in the- 
Sines, and then to find the Scars hour in that Lati-ude whereto 
they are ficted , will always for Northern Stars be to take the dis 
ſtance in the Lige of Sines between the Star and its given Altitude, 
and to enter that,Extent at the Point of entrance, laying the 
Thread to the other foot according to neareſt diſtance,and it pives 
the Stars hour in the cqual Limb from ſix, which may alſo be 
found in the Sines by a Parraliel entrance, laying the Thread over 
the Star. 

Example, 


Let the Altitude of the laſt in the end of the great Bears Tail be 
63\, take the diftance berween it andche Scar which is prave& at 
37* 30'of theSines,- the ſaid Extencentred at the Sine of 239, 
the Ark of the Limb the Thread incerſe&ts when it lies over the 
faid Star, and by laying the Thread tothe other foot you will find 
that Stars hour to be 46' 11/ from ſix towards Noon Meridian, 
if the Alticude increaſe, and in findingthetroetime of the night, 
the Stars hour mult be always.reckoned from che Meridian it was 
laſt upon ; in.this Example itwill bs. 5 minutes paſt g fe;e. 


of 
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Of the Yudrant of Aſcerfions on the backiiie, 


This Quadrant is divided into 24 Hours with their quarters and 
ſubdiviſions, and ſerves to give the right Aſcenſioa of a S:ar, as 
in che ſmall Quadrant to be caſt up by the Pen, 


It alſo fervis to fird the true Hour of the night wich Compaſſes. 


Firſt having found the Stars hour, take the diſt ince on th? Q14- 
drant of Aſcenſions in the ſame 12 hours between the Star and 
the Suns Aſcenſion (given by the forefide of the (Quadrant ) the 
ſaid Extent ſhall reach from the Stars hour to the true hour of the 
nigbt , and the foot of the Compaſſes always fall upon the Qua- 
drant z Which Exteat muſt be applyed the ſame way it was taken, 
the <uns foot to the Stars hour, 


Example. 


If upon the 30" of December the laſt in the end of the Bears 
Tail were found to b2 9 hours 03/ paſt the Meridian it was laſt up- 
on, thetrue time ſought would be 16 minutes paſt 3 in the morn- 
ing. | 

Another Example for the Bulls Eye, 


Admit the Alcitude of that Star be 394d, that Stars hour as we 
found it by the Line of Verſed Sines was 3ho 3/ from the Meridian, 
if the Altitude increaſe, then that Stars hour f-om the Meridian 
it was laſt upon was 57 minutes palt $— — —-—8*; 57 

If this Obſervation were upon the 234. of Oober, 
the Complement of the Suns Aſcenſion would be— 9: 30 

The Aſcenſion of that Star is —-————— —-—3: 16 

The true time of the night would be forty—— 10: 43 | 

three minutes paſt ren. 

The diRance between the Star and the Sunz Aſcenſion being 
applyed the ſame way , by ſetting the Sun foot at the Stars hour 
will ſhew the truc time ſought, 


When 
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When the Star is paſt the Meridian, having the ſame Altitude, 
the Stars hour will be 3" paſt 3,and the true time ſought, will be 49/ 
paſt 4 in the next morning. 
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The Geometrical C__ of AT" 


Foſters Circle. 


He Circle on the Back ſide of the Quadrant, whereof one 

quarter is only a void Line, is derived from M. Fuſfter*s Trea- 
tiſe of a Qaadrant, by him publiſhed in A» o 1633. the founda- 
tion and uſe whereof being concealed, I ſhall therefore endeavour 
to explain it, 

Upon the Center H deſcribe a circle, and draw the Dizmeter 
A C, paſling through the Center, and perpendicularly there- 
£0, upon the point C, erect a Line of Sines CI, whoſe Radius ſhall 
be equal to the Diameter A C, ler 9o' of the Sine endat 1; | ſay 
then, if fromthe point A, through each dep ee of that Line of 
Sines, there be ſtreight lines drawn, interſeRing the Quadrant of 
thecircle C G, as a line from the noint D- doth interſe& ir at B 
the Quadrant C G, which the Author calls the upper Quadrant, 
or Quadrant of Latirudes (hall be conſtituted, and if C 1 be con- 
tinued as a Secant, by the ſame reaſon the whole Semicircle C G A 
may be occupied ; hence it will be neceſſary to educe a ground of 
calculation for the accurate dividing of the faid Quadrant, and 
that will be eaſle ; for A C being Radius, the Sine C D doth alſo 
repreſent the Tangent of the Angle at A, therefore ſeek the n:tu- 
ral Sine of the Ark CD.inthe Table of Natural Tangents,and che 
Ark correſponding thereto, will give the quantity of the Angie 
DAC, then becauſe the point A falls in the circumference of the 
Circle, where an Angle is but half ſo much as it is at the Center, 
by 31 Prop. 3. Exc. double the Angle found, and from a Quadrant 
Civided into 90 equal parts, and their ſubdiviſions, by help of a Ta- 
ble ſo made, may the Quadrant of Latitudes be accurately divided ; 
but the Author made his Table in page 5. without Coubling, to be 
graduated from a (Q1adrant divided into 45 equal parts, 

Again, Ifupon the Center C, with a pair of Compaſſes, each 
Ce:ree of the line of Sines be transferred into the Semicircle CG A 
it ſhall divide it into 90 equal parts ; the reaſon whereof is p'ain, 
becauſe 


248 of the Graduated Ciri/e. 
becauſe the Sine of an Arch is half the chord of twice that Arch, 
and therefore the Sines being made to-twice the Radius of this cir- 
cle, (hall being transferred into it, become chords of the like Arch, 
to divide a Semicircle into g0 equal parts. - 

Apiin, upon the point A, ere a line of Tangents of the ſame 
Radius with che former Sine, which we may ſuppoſe to be infinitely 
continued, here we vſe a portion of it A E.. 

If from the point C, the other extremity of the Diameter lines 
be drawn, cutting the lower Semicircie (as a line drawn from E 
interſeRs it at F ) through each degree of the ſaid Tangent, the ſaid 
lower Semicircle 'hall be divided into 90 equal parts ; the reaſon 
is evident a line of Tangents from the Center ſhall divide a Qua- 
drant into 90 equal parts, and becauſe an Angle in the circumte- 
rence is buc half ſo much as it is in the Center, being transferred 
thither, a whole Semicircle ſhall be filled with no more parts. 

The chief uſe of this Circle, is to operate Proportions in Tan- 
cents alone, or in Sices and Tangents joyntly, built vpen this 
foundation, that «quiangled plain Triangles have their ſides Pro- 
portional, 

In (treight lines, it will be evident from the point D to E, draw 
a ſtreight line interſeRing the Diameter at L, and then it lies as C L 
toCD; fois ALtoAE : itisalſorrue in a Circle, provided ie 
beevinced, that the points BL F fall ina ftreight line. 

Hereof I have a Geometrical Demonſtration, which would re. 
quire mote Schemes, which by reaſon of its length and difficulty, 
I thought fir at preſent not to inſert, poſſibly an eaſier may be 
found hereafter : As alſo, an Algebraick Demonſtration, by the 
Right Honourable, the Lord Brunkard, whereby after many Al. 
ge dra'ck inferences it is euinced, thatas LK istoKB-:: fois LN 
-, F : whence it will follow, that the points B, L, F, arein a righe 
ins, 


If a Ruler be laid from 451 of the Semic'rcle, to every degree 
of the Quadrant of Laticudes, it will conſtitute upon the Diame- 
ter, the graduations of che Line Sol, whereby Proportions in Sines 
right be operated without the other ſupply. 


From 
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From the ſame Scheme alſo follows the confirution of the 
freight line of Latitudes, from the point G, at 9o' of the Quadrant 
of Latitudes, draw a ftreight Line to C, and transfer each degree of 
the Quadrant of Latitudes with Compaſſes, one foot reſting up- 
on C into the ſaid ſtreighrline,and it ſhall be conſtituted. 


To Calculate it. 


The Line of Latitudes C G bears ſuch Proportion to C A as the 
Chord of 9o' doth to the Diameter, which is the ſame that 
the Sine of 45 bears to the Radius , or which is all one, that the 
Radius bears to the Secant of 454, which Secant is equal to the 
Chord of god; from the Diagram the nature of the Line of La- 
ticudes may be diſcovered. 

Any two Lines being drawn to make a right angle , if any Ark 
of the Line of Laticudes be pricked off in one of thoſe Lines retai- 
ning a conſtant Hipotenuſal A C, called the Line of Hours, equal 
tothe Diameter of that Circle from whence the Line of Latitudes 
is conſtituted , if the ſaid Hipotenuſal from the Point formerly 
pricked off, be made the Hiporenuſal to the Legs of the right an- 
gle formerly pricked off, the ſaid Legs or ſides including the righe 
angle ſhall bear ſuch Pcoportion one to another , as the Radius 
doth to the ſine of the Ark ſo prickt off ; and this is evident from 
the Schem, for ſuch Proportionas AC bearstoCD, doth AB 
beartoB C, for the angle at A is Common to both Triangles,and 
the angle at Bin the circumference isa right angle, and conſe- 
quent'y che angl2 A C B will be equal to the angle ADC, and the 
Legs ACto CD beirs ſuch Proportion by conftrution, as the 
Radius doth to the Sine of an Ark, and the ſame Proportion doth 
AB beartoBC, in all caſes retaining one and the ſame Hypote- 
nuſal A C, the Proportion therefore lies evident, 


A: the R adi4, the ſine of the angle at B, 
To its oppsfs e fide AC, the Secant of 454: 
So u the fine of the argle at A, 
To'its-oppoſre ſide B C ſought. *Now the quantity 0f the angle 
at A was found by ſeeking the natural Sine of che Ark propoſed o 
K k the 


Ls 
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the Table of natural Tangents ; and having found what Ark an- 
ſwers thereto , the Sine of the ſaid Ark is to become the third 
Tearmin the Proportion. 

* But the Cannon preſcribed in the Deſcription of the ſmall Qua. 
drant is more expedite then this, which Mr S*tto» had from 
Mc Dary long ſince, for whom, and by whoſe direRions he made 
a Quadran: with the Line Ss/, and two Parrallel Lines of Sines up- 
on it, as is here added to the backſide of this Quadrant. 


Of the Line of Howrs, alias, the Diametey or Proportional 
T ange Mts 


This Scale is no other then two Lines of natural Tangents to 
454, each ſet cogether at the Center , and from thence beginnin 
and continued to each end of the Diameter , and from one en 
thereof numbred with 904d to the other end. 

This Line may fitly be called a Proportional Tangent, for wher- 
ſoever any Ark is aſſumed initto be a Tangent, the remaining 
part of the Diameter is the Radius to the ſaid Tangent. 

So in the former Schem, if CL be the Tangent of any Ark, the 
Radius thereto ſhall be AL. 


A. E B 


C 


In the Schem annexed, let A B be the Radius of a Line of Tan- 
Zents equal to CD, and alſo parcalel thereto, and from the 
Point 
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Point B to C draw the LineB C, andletit be required to divide 
the ſame into a. Line of Proportional Tangents: I ſay, Lines 
drawn from the Point D to every depree of the Taagent, AB 
ſhall divide one b3lf of it as required from the fimilitude of two 
right angled equiangled plain _ will have their ſides 
Proportional , it will therefore hold, 4+/CF, ToCD: SoFB, 
ToBE, and the Converſe, As the ſecond Tearm C D. To the fourth 
BE: Sow the firſt CF, Ts the third F B, and therefore C F bears 
ſuch Proportion toF B, as CDdothtoBE, which is the ſame 
that the Radius bears to the Tangent of the Ark propoſed. 

If it be doubted whether the Diameter wil be a double Tangent 
or the Line here deſcribed fuch a Line, a Proportion ſhall be given 
to find by Experience or Calculation , what Line it will be ; for 
there is given the Radius CD, and the Tangent B E, the two firft 
Tearms of the Proportion, with the Line CB the ſum of the third 
and fourth Tearms, to find out the ſaid Tearms reſpeRively ; and 
it will bold by compounding the Proportion, 


As the ſum of the firſt and ſecond Tearm, 

Is tothe ſecond Tearm : 

$0 8 the ſum of the third and fourth Tearm, 

To the fourth Tearm, that is, 

es: CDTBE, /:toBE: 

Sou:C FF FB=CB, ToFB, ſee 18 Prop. of 5 of Exclid, or 
page 18 of the Engliſh Cl/avs Mathewatice, of the famous and 
learned Mr Owghtred. 

After the ſame manner is the Line So/, or Proportional Sines 
made, that being alſo ſuch a Line, that any Ark being aſſumedin 
it to be a Sine, the diſtance from that Ark to the other end of the 
Diameter, (ball be che Radius thereto. 


253 Of the Lineof Latitudes: 
A Demonſtration to prove that the Line of Hours and Latitudes 
Will jointly prick off the hany Diftances in the [ame angles 
s as if they Were Calculated and pricks off by Chords. 


B , A. 


C ad opgaile tony $2 = nal pamagnanaf >, 


E 


Draw the two Lines A B and CB crofling one another at right 
angles at B, and prick off B C the quantity of any Ark out of the 
line of Latitudes, and then fit in the Scale of Hours ; ſo that one 
end of it meeting with the Point C, the other may meet with the 
other Leg of the right angle at A, from whence draw A E parra- 
lel to BC; So A B being become Radius, B C is the Sine 
of the Arch firft pricke down from the line of Latitudes ; from the 
Point B through any Point inthe line of / Proportional Tangents, 
at Ldraw the Line BL E, and upon. B with the, Radius BA 
draw the Arch A D, which meaſureth the Angle ABE to the 
fame Radius : I ſay, there will-then be a Proportion wrought, and 
the ſaid Arch meaſureth the quantity of che fourth Proportional, 
the Proportion will be, 

As the Radins, | | 

To the Sine of the Ark prickt down from the Line of Latitudes : 

So tu any T angent accounted inthe Scale, beginning at A, 

To the T angent of the fourth Proportionil ; inthe Schem it lies 
evident inthe ewo oppoſite Triangles LCB and LA E, by con- 
ruRion equiangled and conſequently their ſides Proportional. 

Aſſuming A Leto be the Tangent of any Ark, LC becomes the 
Radius, according to the preſcribed conſtruRion of that Line, ie 
then lies evident, As 


of the Line of Latituades, 


As L C the Radius, 

ToC' the Sine of any «Arh,, 

Sor L A, the T angent of any Ark,, 
To A E, the T angent of the fourth Proportional. 

Namely, of the Angle ABE, and theretore it pricks down the 
Hour-lines of a Dyal moft readily and accurately : the Proportion 
in pricking from the Subftile being alwaies, 

As the Rading, 

To the Sine of the Stiles height, 

So the Tangent of the Angle at the Pole, 

To the T angent of the Hour-lize from the Subſtile, 


Lies of the Graduated Circle. 


To work Proportions in T angents alone, 


In any Proportion wherein the Radius is not ingredient,it is ſup- 
a eo be introduced by a double Operation, and the Poportion 
will be, | 

As the firſt term, To the ſecond, 

So the Radins to a fourth. 

Apain, 

eA's the Ridis ts ro that fanrth, 

So t the third Term given, 

To the fourth Proportional ſought. 

In illuftrating the matter, I ſhall make uſe of that Theoremy 
for varying of Proportions, that the Tangents of Arches, and th: 

Tangents of their Complements are in reciprocal Proportions. 

As Tangent 23\, to Tangent 35", So Tangent 55" tothe Tas 

gent of 679. 

In working of this Proportion, the laſt term may be found 9 

the equal Semicircle, or on the Diameter. 


I. In the Semicirele. 
Extend the thred through 23* on the Diameter, and through 31 


in the Semicircle, and where it interſeRs the Circle on the mw 
Ite 
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ſite fide, there hold one end of it, then extend the other part of ir 


over 55 inthe Diameter, and in the Semicitcle,it will interſeR 654 


for the term ſought. 


2. Onthe Diameter. 

Extend the thred over 23* in the Semicircle, and 354 on the Di. 
ameter, and where it interſe&s the void circular line on the oppo» 
ſite ſide, there hold it, then laying the other end of it over 55d 
in the Semicirc!e, and it will cut 67d on the Diameter. 

If the Radius had been one of the terms in the Proportion, the 
operation would have been the ſame, if the Tangent of 454 had 
been taken in ſtead of it. 


To work Proportions in Sines and T angents joyntly. 


I. If a Sine be ſought, the middle terms being of a different 
ſpecies. 

Extend the thred through the firſt term on the Diameter, being 
a Tangent, and through the Sine, being one of the middle terms, 
counted in the unequal Quadrant, and where it interſets the Op. 
poſite ſide of the Circle hold it, then extend the thred over the 
Tangent, being the other middle term counted on the Diameter, 
and it will interſe& the graduated Quadrant at the Sine ſought, 


Example. 


If the Proportion were as the Tangent of 14* to the Sine of 29' 
Sois the Tangent of 20' to a Sine, the fourth Preportional would 
be found to be the Sine of 45. 


2. If a Tangent be ſought, the middle terms being of ſeveral 
kinds, Extend the thred through the Sine in the upper Quadrant, 
being the firſt term, and through the Tangent on the Diameter, 
being one of the other middleterms, bolding it at the InterſeRion 
of the Circle on the oppoſite ſide, then lay the thred to the other 
middle term in the upper Quadrant, 'and on the Diameter,it fhews 
the Tangent ſought. 


Example. 
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Example. 


If the Suns Amplitude and Vertical Altitude were given, the 
Proportion from the eſnalemma to find the Latitude would be, 


As the Sine of the Amplitude to R ading, 
So is the Sine of the Vertical Altitude, 
To the Corangent of the Latitude 


Let the Amplitude be — —39 $4 
And the Suns Altitude being Eaft or Wekt—30 39/ 

Extend the chred through 39 54, the Amplitude counted in 
the upper Quadrant, and through 45* on the Diameter, holding 
it at the interſeRion with the Circle on the Oppoſite fide, then 
lay the thred over 304 39), the Vertical Alcitude, and it will inter- 
ſe& the Diameter at 38 28, the Complement of the Laticude- 
ſought. 

But Proportions derived from the 16 caſes of right angled 
Spherical Triangles, having the Radius ingredient,will be wroughe 
without any motion of the thred. 


An Example for finding the Suns Azimnth at the Hour of 6, 


As the Radius to the Cofine of the Latitude, 
| Sothe T angent of the Declination, 
To the T angent of the Azimuth, from the Vertical towards Mid- 


night Meridian. 


Extend the thred over the Complement of the Latitude in the 
upper Quadrant, and over the Declination in the Semicircle, and 
onthe Diameter. it ſhews the Azimuth ſoughe, 

So when the Sun hath 15 | of Declination, his Azimuth ſhall be 
9428/ from the Vertical at the hour of 6 in our Latitude of Loxdox. 


eAnoher + 
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Amther Example to find the time when the Sun will be due Eaſt 
or Weſt. 


Extend the thred over the Latitude in the Semicircle, and over 
the Declination on the Diameter,and in the Quadrant of Laticudes 
it ſhews the Ark ſought. 

The Proportion wrought, is, 

AS the Radius to the Cotangent of the Lati uae, 

So ts the T angent of the Declination, 

' To the Sine f the Hour from 6, 


E xample. 


So when the Sun hath x 5 ' of North Declination, in our Lati- 
tude of Lonaon,the Hour will be found 12' 18/ from 6 in time 49 ” 
paſt 6 inthe morning, or before it in the afternoon. 


Another Example to find the Time of San riſing. 


As the Cotangent of the Latitndegto Radins, 
So « the T angent of the Deiclination, 
T o the Sine of the Hour from 6 before or after it. 


Lay the thred to the Complement of the Laticude in the Semi- 
circle, and over the Declination on the Diameter, and in the Qua- 
drant of Latitudes, it ſhews the time ſought in degrees, to be con- 
verted into common time, by allowing 15 to an hour, and 4 
to a degree. 

So in the Laticude of London, 51% 32/ when the Sun hath 15' of 
Declination, the aſcenſional difference or time of riſing from 6, 
will be 194 42, to be converted into common time, as before, 

By what hath been ſaid. it appears, that the Hour and Azimuth 
maybe tound-generally by help of this Circle and D.ameter. 

For the performance whereof, we muſt have recourſe to the 
Proportions delivered in page 123. whereby we may alwaies find 
the ewo Aag'e ad) icent to the fide on which the Perpendicular fal- 
lech 
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ledb, which may be any ſide at-pleaſure ; for after the firſt Pro» 
portion wholly in Tangents is wrooght, to find either of thoſe 
Angles, will be agreeable eo the ſecond caſe of right angled Sphe- 
rical Triangles, wherein there will be given the Hypotenuſal, and 
one of the Legs, to find the adjacent Angle, onlyic muſt be ſog- 
| geſted, that when the two fides that ſubtend the Angle ſought, 
are together greacer then a Semicircle, recourſe muſt be bad to the 
Oppoſite Triaogle, if both thoſe Angles are requiredto be found 
by this Trigonometry, otherwiſe one of them, and the third An- 
gle may be found by thoſe dizeRions, by letting fall the perpendi- 
cular on another ſide, provided the fum of the ſides ſubtendin 
thoſe Angles be not alſo greater then a Semicircle ; or, having 
found one Angle, the reft may be found by Proportions in Sines 
only. 


EE 2 & 
$ *Mþ 
Ly » A 
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N the Triangle © Z P, if it were required to find the angles at 
Z and ©, becauſe the ſum of the fides © Pand Z Pare leis then 
a Seieircle chey might be both found by making the half of the 
Baſe © Z the firſt Tearm inthe Proportion, and then becauſe the 
angles © Z are of a different affcRion,the Perpendiculer would fal 
without 0n the ſide © Z ny B,as would be w_ 

4 | Y 
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by che Peoportiod, for the fourth Ark diſcovered, would be found 
greater then the half of © Z; hence we derived the Cannon in page 
124, for finding the Azimuth z Whereby might alſo be found the 
apple of Poſition at © z ſo if it were required to find the angles at 
©and P, the ſides © Zand Z P being leſs then a Semicircle the 
Perpendicular would tall within from Z on the ſide © P,as would 
alſo be diſcovered by the Pcoportion, for the fourth Ark would be 
found leſs then the half of © P. 

But if it were required to find both the argles atZ and P, in 
this Caſe we muſt reſolve the Oppoſite Triangle Z BP, becauſe 
the ſum of the ſides © Z and © P are together greater then a Se- 
micircle , and this being the moſt difficult Caſe,we ſhall make our 
- preſent Example. The Proportion will be, 

As the T angent of half Z P, 

Ts to the T angent of the half ſum of Z BandPB: 

Sou the Targent of half their difference, 

Toa fourth T angent. 

That is, As Tangent 199 14/, 

1; to the T angent of 86' 3&/,: 

Sou the T angent of 9* 30, 

To a fenrth. 

Operation. 

Extend the Thread through 194 14/ onthe Semicircle, and 9d 
30 on the Diameter, and hold it at the InterſeR&ion on the oppo» 
ſire ſide the Semicircle, then lay the Thread to 864 30&/ in the Se- 
micircle, and it ſhews $24 44/ on the Diameter for the fourth 
Ark ſought. 

Becauſe this Ark is greaterthen the half of Z P, we may con- 
clude that the Perpendicular B A falls without on the fide Z P con- 
tinued to A, 


fourth Ark — 825 44 
balfof ZP is ——19 14 

ſum ———————1o1 58 is Z A 
difference - —63 30 isPA 


Then in the right angled Triangle B P A, right angled at, A we 
haveP Aand BP the Hypotenuſal, to,find-the angle BÞ A, equal 
tothe angle © Z P, The Proportion is "IF 


As 
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As the Rading, | 
Is ro the Tangent of 134, the Complement of BP : 
Sos the T angent of P A 63d 3&/, 

' To the Cofine of the angle at P. 


Extend the Thread through 134 on the Diameter, and through 
63430 in the Semicircle counted from the otherend , and in the 
upper Quadrant, it ſhews 274 35/for the Complement of the 
angle ſought. 

And letting this Example be to find the Hour and Azimuth in 
our Latitude of Londen, ſo much is the hour from ſix in Winter 
when the Sun bath 1 3d of South Declination, and 64d of Altitude, 
in time 1 ho 50 ; minutes paſt ſix in the morning, or as much be- 
fore it in the afternoon. 


T' find the «Azimmth. 


Again, inthe Triangle Z A B right angled at A, there is given 
the Leg or SideZ A 1o14d 5%, and the Hipotenuſal Z B 964, to 
find the angle BZ P; here noting that the Coſine or Cotangent 
of an Ark greater then a Quadrant is the Sine or Tangent of char 
Arks exceſs abeve 90d, and the Sine or Tangent of an Ark grea- 
ter then a Quadrant, the Sine or Tangent of that Arks Comple- 
ment to 1804, it will hold, 


A the Radius, 

To the T angent of 6d : 

So is the T angent 78d V/, 

To the Sine of 29d 44, found by extending the Thread through 
784 2/ onthe Semicircle,counted from the other end, alias, in the 
ſmall figures, and in the Quadaant it will interſeR 294 44/; now 
by the ſecond Ciſe of right angled Sphorrical Triangles, the angle 
AZ B will be Acute, wherefore the angle © Z Bis 1194 44 the 
Suns Azimuth from the North , the Complement being 60d 16/ 
is theangle AZB, and ſo much is the Azimuth from the South» 


Ll 2 To 


60 Miſes of the Lines within the Cirek. 


To Work Propertiens in Sines aline. 


Hat this Circle might be capacitated to try anyCaſe of Sphce- 

rica] Triavgles, there are added Lines to it, namely,the Line 

Sol falling perpendicularly on the Diameter from the end of the 

Quadrant of Latitudes, whereto belongs the two Parralle! Lines of 

Sines in the oppoſiteQuedrants,the upermoſt being extended croſs 
the Quadrant of Latitudes. 


T he Proportion nox having the Radius ingredient and bring of 
the greater to the I. x 


Account the firft Tearm in the line So/, and the ſecond in the 
upper Sine extending the Threadthrough them,and whereit inter- 
ſets the oppoſite Parrallel hold it; then lay the Thread to the 
third Tearm in the line Fo/, and it will toterſeR the fourth Propor- 
tional on the upper Parrallel. 


Ag the Sine of 30', 

To the (int of any Arch : 

So ts the Coſine of that Arch, 

Ts the fine of the donbla Arch and the Converſe. 


By trying this Canon , the uſe of theſe Lines will be ſuddenly 
attained. 


e's the fine of 30', 

To the fin: of 20*® : 

Ss 1s the ſine of 70\, 

To the fine of 44*, 

But if it be of the leſs to the greater, the anſwer muſt be found 
on the Line So/. 

Account the firſt Tearm on the npper Sine,and the ſecond in the 
Line Sl, and hold the Thread at the Interſe&ion of the oppoſite 
Parrallel, then lay the Thread to the third Tearm on the uper 
Parrallel,and on the line So/ it will interſe& the fourth Proportio- 
nal if it be leſs then the Radius. | But 


Example. 
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But Proportions having the Radius ingredient, will be wroughe 
without any Motion of the Thread, "* , 


As the Cofine of the Lathade, 
To Radins : 
So « the fine of the Declination, 
To the ſine of the Amplitude. 
So in our Latitude of London , when the Declination is 20' 1 2/ 
the Amplitude will be found vo be 33* 42/, 

Extend the Thread through 384 28/ oa the line So/,and through 
the Declination inthe upper Sine, and it will interſe& the oppoſite 
Parrallel Sine at 33d 42/, the Amplitude ſought. 

The uſe 0! the Semi-Tangent and Chords are paſſed by at pre- 
ſent. 

The line So/ is of uſe in Dyalling, asin Mr Foſters Poſthuma , 
page70 and 71, where it is required to divide a Circle into 12 
equal parts for the hours, and each part into 4 ſubdiviſions for the 
quarters, and into ſuch parts may the equal Semicircle be divided ; 
that if it were required to divide a Circle of like Radius imo ſuch 
parts, it might be readily done by this, 


Of the Line of Homrs on the right edge of the foreſide of the 


«Adrant. 


This is the very ſame Scale that is in the Diameter on the Back- 
ſide, only there it was divided into degrees, and here into time,and 
placed on the outermoſt edge ; there needs no line of Latitudes be 
fitted thereto, for thoſe Extents may be taken off as Chords from 
the Quadrant of Latitudes , by help of theſe Scales thus placed on- 
the outward edges of the Quadrants may the hour-lines of Dyals- 
be prickt down without Compaſl:s. | 
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To Draw a Horizontal Dyal. 


I 


V Wn VIL VII 


Fi draw the line C E, for the Hour-line of 12,2nd croſs it with 
the Perpendicular A B,chen out of a Scale or Quadrant of La- 
titudes ſet of CBand CA, each equal tothe Stiles beighe, or La- 
titude of the place, then place the Scale of 6 hours on the edge of 
the Quadrant, whereto the Line of Laticades was fitted, one ex- 
tremity of it at A, and move the Qgadrant about, till the other 
end or extremity of it will meet with the Meridian line CE; then 
in raged the ſaid Scale of Hours ſtands 0n the very brink or out- 
wardmoft edge of the Quadrant, with a Pin, Pen, or the end of a 
black-lead pen, make marks or points upon the Paper or Dyal 
againſt each hour (and the like for the quarters, and other _ 
parts 


-  Todraw 4 Horizontal Dyal, 263 


parts) of the graduated Scale, and from thoſe marks draw lines 
into the Center, and they ſhall be the hour-lines required,withou® 
drawing any other lines on the Plain, the Scale of Hours on the 
' Quadrant is here repreſented by the lines A E, and E B, the hou! 
lines above the Center,are drawn by continuing them oug through 
the Center. 

And thoſe that bave Paper prints of this line, may make them 
ſerve for this purpoſe, without pricking down the hour points by 
Compaſſes, by doubling the paper at the very edge or extremity 
of the Scale of Hours. | | 

Otherwiſe to prick down the ſaid Dial without the Line of La- 
titudes and Scale of hours in a right angled Parallellogram. 

Having drawn C E the Meridian line, and croſſed it with the 
perpendicular C A B, and determining C E to be the Radius of. a- 
ny lengeh, take out the Sine of the Latitude to the ſame Radius, 
and prick it fromCtoAandB, and ſetting one foot at E, with the 
ſaid Extent ſweep the touch of an'Arch at Dand F, then take the 
length of the Radins C E, and ſetting down one foot at B, ſweep 
the rouch of-an Ark at D, interſe&ing the former, alſo (ſetting 
down the Compaſſes at A, make the like Arch at F, and ehraugh 
the points of InterſeRion, draw the ftreight lines A F, BD).pnd 
FED, and they will make a right angled Parallellogram, the fides 
whereof will be Tangent lines; 


ToadraWv the Hour: lines: 


Make E F, or E D Radius, and preportion out the Tangents of 
- | 
- Tand prick.them down from E to : and ws and draw lines 


through the points thus found, and through the points F and D, 
and there will be 3 hours drawn on each ſide the Meridian line. 
Again, make A F or B D Radius, and proportion out the Tan- 
gent of 157, and prick it down from Ato 5, and from Bto 7. 
Alſo proportion out the Tangent of 3ed, and prick it down from 
A to 4,and from B to 8,and draw lines into che Center, and fo the 


Hour-lines are finiſhed, and for thoſe that fall above the'6 of = 
ne, 
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kne,they 3re only the oppoſite hours continued, after the like man- 
ner are the balfs and quarters to be prickt down.. | 

Laftly, By chords prick off the Stiles height equal to the Lati. 
eade of the place, and let it be placed to its due elevation over the 
Meridian line. 


Of Upright Decliners. 


Tvers Arks for ſuch plains are to be calculated, and may be 
found on the Circle before deſcribed. 


1. The $ ubſtiles diff 'uce from the Meridian. 


" By the Subftilar line is meant, a line over which the Stile or cock 
of the Dyal direly hangeth in its neareſt diſtance from the Plain, 
by ſome termed the line of deflexion, and is the Ark of the plain 
between the Meridian of the Plain, and the Meridian of the place. 
The diftance thereof from the Hour: line of 12, is to be found by 
this Proportion. 


eAMs the Radina, 

To the Sine of the Plains D:clination, 

Ss the Cotangent of the Latitude, 

Tothe T angent of the Subſtile frem the Miridsan, 


2. For the eAngle of 12 and 6, 


An Ark uſed when the Hour-lines are pricked down from the 
Meridian linein a Triangle or Parallellogram, (and not from the 
Subſtile, )Jovithont colleQting Angles at the Pole. 


At the Radias, 

[3 tr the Sine of the Plains Declimation, 

So s the Tangent of the Latitude, 

To the Tangent of an Ark, the Complement whevesf 3: the Angle 
. Of 12 4nd 6, : 


3+ Incli- 


- 

_ 
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5" FE ow 
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3. Inelination of Meridiani, | 


Is an Ark of the EquinoQial, between the Meridian of the plain, 
and the Meridian of the plice, orit is an Angle or ſpace of time 
elapſed between the paſſage of the ſhaddow of the Stile from the 
Sabftilar line into the Meridian line, by ſome termed the Plains dif- 
ference of Longitnde ; and not impreperly, for it ſhews in what 
Longitude from the Meridian where the Plain is; the aid Plain 
would become a Horizontal Dyal, and the Stiles heighe Chews the 
Laticude,this Ark is uſed in calculating hour diftances by the Tables 
and in pricking down Dyals by the Line of Latitudes, and hours 
from the Subftile. 


As the Rader, 

11 to the Sine of the Latitude, 

So the Corangent of the Plains Declination, 

To the Cotangent of the Inclination of Meridian. 


Or 
At the Sint of the Latitude to Rading, 
So is the T angent of the Plaing Declinationg 
| Tothe Tangent of Inclination of Meridians. 


4. The Stiles height above the Subſtile. 


eA1 the R adins, 

Is te the Coſone of the Latitude, 

Ss & the Cofine of the Plains Declination, 
Ts the Sine of the Stiles height, 


Or the Subftiles diſtance being known, 


As the Rading, | 

To the Sine of the Subſftiles diſtance from the Meriaian, 

So ts the Cotangent of the Declination, Ki 

To the Tangent of the Stiles __ 
Mm 
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Or, The Inclination of Meridians being known. 


As the Radins, 

To the Coſine of the Inclination of Meridiant, 
So.4s the Corangent of the Latitnae, 

To the Tangent of the Stiles height; 


_ 5. Laſtly, For the diftances of the Hour-lines-from the. 
Subſtilar Line, 


As the Radins, 
Ii to the Sine of the Stiles height above the Plain, 
. So « the Tangent of the Angle at the Pole, : 
To the Tangent of the Hours diſtance from the Subſtular Line. 


By the Angle at the Po'e,is meant the Ark of difference between 
the Ark called the Inclination of Meridians, and the diftance of 
any hour from the Meridian, for all hours on the ſame ſide the 
Subftile falls, and the ſum of theſe two Arks for all hours on the 
other ſide the Subfltile. 

Theſe Proportions are ſufficient for all Plains to find the like 
Arks, without having any more, if the manner of referring De- 


clining lining Plains to a new Latitude, and a new Declina- 
\ tion in which they (hall Rand as upright Plains, be but well explain. 
ed, for Eaft or Weft $9<clining Plains, their new Latitude is the 
Complement of their old Latitude, and their new Declination, is 
the Complement of their = 
from the Zenich, and upon ſuch a ſuppoſition, taking their new 


Latitude and Declination, thoſe that will try, (hall find chat theſe 
Proportiohs will calculate all the Arks neceſſary to ſuch Dials, 


clination ; Which I count always 


5o 


ei AMS E. 
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So if an Upright Plain decline 25" in our Latitude of Zow- 
4n from the Meridian, ' 


The Subftiles diftance from the Meridian is-—— 1$' 34/ 


The Angle of 12 and Gis — - 62: 00 
The Inclination of Meridians is _ 30:47 
The Stiles height is —————34:19 


To Delineate the ſame Dial from the Subftile by the Line of 
Latitudes, and Scale of hours in an Equicrutal Triangle. 


To 
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 ToaD raw an Upright Decliner. 


An'Upright Somth Plain for the Latitude of London, Declining 
254 Eafttyards, 


p >— prick down this Dial by the line of Latitudes, and Scale of 
Hours in an Zfoceles Triangle, 

Draw C 12 the Meridian Line perpendicular to the Horizontal 
line of the Plain, and with a line of Chords, make the Arg 


— 
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F C12, equal to the Subftiles diſtance from the Meridian, and 
draw the line F C for the Subſtile; Draw the line B A perpendi- 
cular thereto, and paſfing through the Center at C, and out of the 
line of Latitudes on the other Quadrants, or out of the Quadrant 
of Latitudes on this Quadrant, ſet off B C and C A each equal to 
the Stiles height, then fic in the Scale of 6 hours, proper to thoſe 
Laticudes, ſo that one Extremity meeting at A, the other may 
meet with the Subftilar line at F. 

Then get the difference between 30' 47/, the inclination of Me- 
ridians, and 30' the next hours diftance leſſer then che ſaid Ark, the 
difference is 47/ in time, 3/ neareſt then fitting in che Scale of hours 
as was preſcribed, 


Count upon the ſaid Scale, 

Hour, Min, 

0 RY 10 \ And make points at the termi- 
I | Il nations with a pin or pen, & 
2 8. fromF to 12 draw lines from thoſe points 
3 3 I into the Center at C,& they 
4 3 | 2 ſhall be the true bour-lines 
5 "> 3 required on this ſide the 


(Subftile. 


Again, Fitting in the Scale of Hours from Bto F, count from 
that end at Brhe former Arks of time. | 


Ho Min 
00, 03} 4) And make Points at the Termi- 
b, 3 5| nations, through which draw 
Lines ioto theCenter,and they 


2, 3 6 
oh pm BUg 7 ” - ſhall bethe hour Lines requi- 
$] redonthe other ſide the Sub- 


$» 3) 9) Rfiile. 


The like muſt be done for the halfs and quarters , getting the 
difference betweea the half hour next leſſer ( in this Example 22 
30) under the Ark called the inclination of Meridians, the d:ffe- 


rence is 1* 17/ in time 33/ neareft to be continually ognen an 
our 
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hour at atime, and ſo prickt off as before- was done for the whole 
hoare, TO " 
By three ifacil Proportions, may'be found the Stiles height, the 
Inclination of Meridians, and the Subftiles diftance from the Plains 
perpendicular,for all Plains Declining,Recliniog,or Inclining,which 
are fi ficient to prick off the Dyal aftcr the manner here deſcribed, 
wh:ch muſt be referred to another place. | 

If the Scale of hours reach above the Piain, as at B, ſo-that B C 
cannot be pricked down, then may an Angle be prickt off with 
Chords onthe upper fide the Subſtile, «qual tothe Angle F C A, 
on the under (ide, and thereby the Scale of hours laid in its true 
ſituation, having firſt found the point F on the under ſide. 

To prick down the former Dyal in a ReRangular oblong, or 
long ſquare Figure from the Subftile. 

Having ſet off the Subftilar F C, aſſume any diftarce in ir, as at 
F to be the Radius, and through the fame at right Angles, draw 
theline EF D, then having made F C any diftance Radius, take 
out the Sine of the Stiles height to the ſame Radiue, and entring it 
artheend of the Scale of three hours, make it the Radius of a 


Tangent, and proportion out Tangents to 
2 7 


3/ Io " 
and ſet them off 
: hour : rom F to y 


Again, Take out the Tangents of the Complement of the firſt 
Ark, increaſing it each time by the augmentation of an hour, 


namely 57 ; [ 
( and prick themj, C .14 from the points 


1 ho. 57 
2 from F to E 


thus found, draw lines into the Center. 

Then for the other ſides of the Square, make CF the Radius 
of che Dyalling Tangent of 3 hours, and proportion out Tangents 
to the former Arks, namely, 


3'andprick / P I Alf to $7/\ and prick/ N 

1 ho. 3 <them romp O+I the latter 1 h. 57 Jchem from>M * 

2 3 CBto ) L CaArks. yz 57 CAto—-+)\ 
an 
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and draw lines from theſe. rerminations\.into. the Center, and the 
Hour-lines are finiſhed; after the' fame manner muſt the tralfs. and 
quarters be finiſhed, el 

And how this trouble in Proportioning out the Tangents may 
be [ſhunned withont drawing any lines on the Plain, but the hour- 
lines, may be ſpoke to hereafter, whereby this way of Dyalling, 
and thoſe that follow, will be rendred more commodious. 

Laſtly, the Stile may be prickt off with Chords, or take B C,and 
ſetting one foot in F, with that Extent ſweep the touch of an oc- 
cult Arch, and from C, draw a line juſt touching the outward ex- 
tremity of the ſaid Arch, and it ſhall prick off the Angle of the 
Stiles height above the Subſtile. 


To 
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To prick off the former Dyal in an Ob- 
lique Parallellogram, or Scalenon alias 
unequal fided 1 riangle from the Meri- 


dian. 


Firſt, In an Oblique Parallellogram. 


Th CE the Meridian linejand with 60' of a line of Chords; 
craw the prickt Arch, and therein from K, contrary to the 
Coaft of Declination, prick off 624, the angle of 12 and 6, and 


draw 
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fra the. line CD for the ſaid hour line continued on the other 
ſidgthe Center, and out of a line of Sines,make C Eequall to 65* 
ehe Complement of the Decſination ; then take out the fine of 
$3' 28/ the Com of che Latitude, and enter ic in the line 
DC, ſo that one footrefting at D, the other turned about, may 
but juſt touch the Meridian line,the pointD being thus found, make 
CFequallto CD, and with the fides CF and CE make the Pa- 
rallellogramDGF H,namely, F Hand GDequal to CE ; and 
E GandEHequilto DC. And where theſe d ftances ( ſweepin 
occult arches therewith ) interſe& will find the points H and G 
limiting the Angles of the Parallellogram. 

Then making E H or C D Radius, proportion out the Tangents 
of 15* . rand 11 
and prick them down fromEto <. [ and 

30 2 IO | 
draw lines into the Center through thoſe points, and che ar 

ints of the Parallellogram at H and G, and there will be 6 hours 
| won) beſides the Meridian line or hour line of 12. Then making 


D G Radius, proportion out the Tangent of 154, and' prick it - 


down from D upwards to 5, and downward to 7, alſo proporti- 
on out the tangent of 30' and prickit fromD to 8, and from F 
to 4, and draw lines into the Center, and ſo the hour lines are fi- 
nifhed ; after the ſame manner are the halfs and quarters to be 
tioned out and pricked down: and if this Work is to be 
e£.ppon. the Plain ir ſelfe, the Parallel F H will excur above the 
plain, in that caſe, becauſe the Parallel diſtance of F H from the 
Meridian, is equal to the* parallel diſtance of D G the ſpace G. 8. 
may be ſet fromHro 4; and ſo all che hour lines pricke down. 

To prick down this Dyal in a Scalenon, or unequal ſided trian- 
gle from the Meridian, from E co D draw the tceight lneDE, 
and from the ſame point draw another to F, and each of them 
( the former hour lines being firſt drawn ) (hall thereby be divi- 
ded into a.Jine of double tangents, or ſcale of 6 hours, ſuch a one as 
is in the Diameter of the Circle on this quadrant,or on the righe 
edge of che forefide;; and therefore by helpe of either of them 
lines, if it were required to prick down the Dyal, it might be done 
by Proporcioning them our, take the extent D E, and prick it from 
one extremity of the, ——_— the Semicircle 0n —_— 

a rant, 


Ih ' To drawn ipright Decliner: 

drant, and fromthe point of Termination-draw a line with black 

Lead to the other extremity, (which will eaſily rub out again-e- 

ther with bread or leather parings) and rake the neareſt diftance 

__ » Cor the Diameter to'the ſaid line, and che ſaid extents 
45 \ 


s E I D 7 
ſhall reach from, Je - t0.10 7 and from 4s 8 


9 9 
and the like muft be done for the line EF, entring that -in the Se- 
micirle as before ; or without drawing lines onthe quadrant, if a 
hole be drilled at 0neend of the Diameter, and a thred fired into 
it, lay the thred over the point in the Diameter, -and rake the 
neareft diftances thereto. 4 

Laftly, from a line of Chords, prick off the ſubftilar line, and 
the ſiles height as we before found it. 

This way of Dyalling in a Parallellogram, was fir invemed by 
7ohn Ferrerews a Spaniard,long ſince, and afterwards largely band- 
led by Clavins, whodemonitrates it, and (hews how to fic it in- 
to all plains whatſoever, albeit they decline, recline, or incline, 
without referring them to a new Latitude; the Triangular way is 
alſo built upon the ſame Demonſtration, and is already publiſhed 
by Mr Foſter in his Poſthama, for it is no other then Dyalling in a 
Parallellogram, if the Meridian line CE be continued upwards, and 
CE ſet off upwards, and lines drawn from the point, ſo found -40 
D and F, ſhall conſtitute a Parallellogram. 


An 
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eAn Advertiſement about ob via 0 
Altitudes. / | - [ 


Jhiegine a line drawn from the beginning of the line Sol, to the 
end ofthe Diameter, and therein ſuppoſe a pair of ſights placed 
with a thred and bullet hanging from the —_— of the ſaid line, 
as from a Center; 1 ſay the line wherein the ſights are placed, makes 
a right angle with-the line of fines on the other ſide of Sol, and 
ſo may repreſent a quadrant, the equal Limbe whereof is either re- 
preſented by the 90' of the equal Semicirle, or by the 9o' of the 
Diameter and thereby an Alticude may be taken, Now to make an 
Iſoceles equicrura), or equal legged triangle made of three ftreighe 
Rulers, the longeſt whereof will be the Baſe or Hipotenuſal line ; 
thus to ſerve for a quadrant to take Altitudes withal, will be much 
cheaper, and more certain in Wood, then the great Arched woo- 
den framed quadrants. Moreover, the ſaid Diameter line ſupplies 
all the uſes of the Limbe, from ic may be taken off Sines, Tangents, 
or Secants, as was done from the Limbe ; and therein the Hour 
and Azimuth, found generally by help@of the line of Sines on the 
left edge, as is largely ſhewed in the uſes of this quadrant, beſides 
its uſes in Dyalling, onely when ſuch an Inftrument is made apart, 
it will be more convenient to have the line of Sines to be ſet on the 
right edge, and the Diameter numbred alſo by -its Complements ; 
this Diameter or double Tangent, or Hipotenuſal line being firtt 
divided on, all the other lines may from it, by the ſame T ables that 
ſerve to graduate them from the equal Limbe be likewiſe inſcribed: 
and here let me pur a period to the uſes of this quadrant. 
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The Deſcription of an Univerſal ſmall 
Pocket Quadrant. 


His quadrant hath only one face. 
T On the right edge from the Center is placed a line 
of (incs divided into degrees and half degrees up to 60 d. 
afterwards into whole degrees to 80 d. 

On the left edge iſſneth a line of 10 equal parts, from the 
Center being precile 4 inches long, each part being divided 
into 10 ſubdiviions and each ſubdiviſion into halfs, 

Theſe ewo lines make a right angle at the Center , and be- 
eween them include a Proj:ion of the Sphere for the Lati- 
tude of London. 

Above the ProjeQion are put on in quadrants of Circles 
a line of Declinavons 4 quadrants for the dayes of che moneth, 
above them the names of 5 Stars with their right Aſcenſions 
oraved againſt them , and a general Almanack, 

Beneath the ProjeRion arc pur on in quadrants of Circles 
a particular ſine and ſecant, ſocalled, becauſe it is particular 
to the Larirude of Londos. 

. Below that the quadrat, and ſhadowes, 

Below that a line of Tangents to 45 d- 

Laſt of all the equal Limbe, 

On the left edge is placed the Dialling ſcale of hours 4 In- 
ches long , ourwardmoſt on the right: edge a line of Latitudes 
fitted the eto, 

Within the line of ſines cloſe abutting thereto is p'aced a 
{mall ſcale called the ſcale of entrance beginning againſt 52 6. 
35 min, ofthe ſines numbred to 60d, 

The line of fines that iflueth from the Center ſhonald for 
a particular uſe have been conti:1ued longer - to wit to a ſecant 
of 28d. becauſe this could not be admitted , the ſaid ſecant is 
placed outward at the end - the icale of entrance towards 

0 the 
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278 The uſes of the Projeion, 
the Limbe, and as much of the fine as was needful plared at its 
due diſtance, at the other end of the ſcale of entrance. 


Of th: aſes of the ſaid quadrant 


He eAlmarack hath been largely ſpoke to in pay. 12 , 
and 13 , allo again in the uſes of the Horizontal quadrant 
Pig-11,12, 
The quadrat and ſhadowes from pag. 35 to 44- 
The line of Latitudes and ſcale of hours pag. 250, Again, 
from page to 26 2to 274, allo the line of (ines, equal parts, and 
Tangents, in other parts of the Booke. 


The uſe of the Projelt ion, 
T His projeRion is only fitted for finding the hour inthe 


limb, and not the Azimuth, all the Circular lines onie 

are parallels of Altitude or Depreſſion except the Eclip- 
tick and Horizon, the Ecliptick , is known by the CharaQtrs 
of the ſignes, and the Horizon lyeth beneath it , being numbred 
with 10, 20, 20,40. 

The parallels of Altitude are the Winter parallels of Srofter*s 
Aſtrulable, and are numbred from the Horizon upwards to- 
wards the Center, the parallels of Deprefſion which ſupply the 
uſe of Sroflers Summer Altitudes are numbred downwards 
from the top of the ProjeRion towards the limb. 


To find the time of Sn riſing, and his Amplitude, 


Ay the thread over the day of themoneth , and ſet the 

Bead to the Ecliptick, then carry-the thread and Bead to 

the Horizon, and the thread inthe limb , ſhewesthe time 
of rifing, and the Bcad on the Horizon the quantity of the 
Amplicude, © EE MW 


Example 
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Example, 


So on the ſecond of Auguſt the Suns Declination being 15 d, 
his Amp'izude will be 24d. 3 5 min. and the time of riſing 419 
paſt 4in the morning. 


To find the Hour of the Day. 


-  Aving taken the Suns Altitude and rectified the Bead as 
before ſhewed , if the Sun bave South Declina'10n br-ng 
the Bead to that parallel of Altitude on which the Suns 

height was obſerved, amongſt thoſe parallels that are rumbred 
upward towards the Center,and the thread inthe limb ſheweth 
the time of the day. 

Eample, 


: So when the Sun hath 15 d. of South Declination , as about 
28th of 74» ar), if his Altitude be 15 deg. the time of the day 
will be 39 m. paſt 2 in the afternoon, or 21 m. paſt 9 iathe 
morning. 

But in the Sammer half year bring the Bead to lye on thoſe 
parallels that are numbred downwards to the limb, and the 
thread ſheweth therein the time of the day lou, ht. 


Example, 


If ontheſecond of Auguſt his Declination being 1 5 d. his 
Alcitude were 40d. the true time of the day would be $ m. palt 
9 in the morning, or 52m, palt 2 inthe afternoon- 

If the Bead will not mect with the Alticude given amongſt 
thoſe parallels that cun donwowards towards the right edge , 
then it muſt be broughr co thoſe parallels that lye below che 
Horizon downward towards the left edge , and the thr-ad in 
the Limb ſhewes the time of the day before ſix in the morning 
or alter it in the evening in Summer. 


Oo 2 EXAM. 


22O To find the bony generally: 
Example. 

When the Sun hath 15 d. of North Declination as on the 

ſecond of Auguſt if his Altitude be 5 d. the time of the Day 

will be 44 m-betore 6 in the morninggor after it in the evening, 


Of the general ltze50n this quadrant. 
T He line of fines onthe right edge 15 gereral for Fndirg 


eitherthe hour or the Azimuth inthe equal limb, rin 

the ſaid line of lincs, as I have largely ſhew.d in page 231 
for firding the hour, allo for finding the Suns Altirudes on all 
hours, asin page 234, for finding the Azimuth from page 237 
tO pag, 2-9. 

Though this quadrant hath neither ſecants nor verſed fines 
asthe reſt have, yet both may be eal:ly ſupplyed , letitbe re- 
quired to work this Proportion, 

As the Co-line of the declination, Is to the ſecant of the 
Latitude, So is the differcnce of the ſines of the Suns Meridian 
and given Altitude, To the verſed ſine of the hour from noon, 
before or after ſix the hour may be found from midnight by the 
proportions in page 230, 

Let the Radius of the fines be aſſumed to repreſent the ſe- 
cant of the Latitude, the Radius to that ſecant will be the coſine 
of the Latitude, then lay the thread to the complement of the 
Declination in the limb counted from right edge , and take che 
neareſt diſtance to it. I ſay that extent ſhall be the coſine of the 
Ieclination to the Radivs of the Secant enter thisat god. of 
the line of (ines laying the thread to the other foot according to 
neareſt diſtance, then in the fines take the diſtance between the 
Meridian Alcitude and the given Alcztude,and enter that extent 
ſo upon the ſines that one foot reſting thereon, the other turned 
about may juſt couch the thread the diſtance between the reſting 
foot and the Center is cqual to the verſed (ine of the ark ſoughe 
and being meaſured from the end of the line of fines towards 
the Center ſhewes the ark ſought, 


E x a8” 


To find the Azimuth generally. 19r 
Example. 

When the Suns Declination is 1 5 d. North if his Altitude 
were 35 d-21 m.the time of the day would be found 45 d.from 
noon, that is 9 in the morning or 3 in the afternoon, 

Of finding the Azimuth generally. 


3 Hough this may be found either by the ſines alone in the e- 

qual limbe as before mentioned , or by verſed fines as was 
inſtanced for the hour, (ee alſo page 239, 240, 241 , yet where 
the Sun hath vertical Altitude or Depreſſion, as in places with- 
out the Tropicks towards either of the Poles, it may be found 
molt ealily in the equal limb by the joynt help of ſines and 
tangents by the proportions in page 175. 

Firſt , had the vertical Altitude as is ſhewed in page 174. 
Then for Latitudes under 45 d. 

Enter in Summer Declinations the difference, but in Winter 
Declinarions the ſum, ot the lines of the vertical Altitude, and 
of the propoſed Altitude once done the line of ſines from the 
Center, and laying the thread over the Tangent of the Latitude 
take the neareſt diſtance to it, then enter that Extent at the 
complement of the Altitude in the Sines, and lay the thread to 
the other foot, and in the limb it ſhewesche Azimuth from 
the Eaſt or Welt. 

Example. For the Latitude of Roweto witt 42 d. Ifthe Sin 
have 15 d. of North Declination his vertical Altitudeis 22 d. 
45 m. It his given Alitude ke 40d, the Azimuth of the Sun will 
be 17 d, 33 m. to the Southward of the Welt. If his declina- 
tion were as much South and his propoſed Altitude 18d. his: 
Azimuth would be 41 d-1o m- to the Southwarts of the Eaſt or 
Wei, For Latitud-s above 45, 

If we aſſume th: Rad.of the quadrant to be the tangent of the 
Latit.the Rad.to that 1ang.ſhall be the co-tangenc ot the Latir, 
wherefare lay the thread to che complement of the Latitude 
inche line of Tangents in the lim>, and from the c mplement 
of the Altitude ia the Sincs take the nearelt diſtance co ur, 1 ſay 
| | that 
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that extent ſhall be coſine of the Altitude to the leſſer Radius 
which mealure from the Center , and it finds the Point of en« 
trance whereon enter the former Sum or difference of ſinesas 
before direted , and you will find the Azimuth inthe equal 
limb, 

Orif you would find the anſwer in the fines , enter the firſt 
extent at 90 d. laying the thread to the other foot , thenenter 
the Sum or difference of the Sines of the vertical and given Al- 
titude, ſo between the ſcale and the thread,that one foot turned 
about may but juſt couch the thread » the other reſting on the 
ſines, and you will find the ſine of the Azimuth ſought. 

Example. For the Latitude of Edinburg 55d, 56 m- If the 
Snn have 15 d. of Declination, his vertical Altitude or depreſ- 
ſion is 18 d. 14 m.the Declination being North, if his propoſed 
Altitude were 35 d. the Azimuth of thc Sun would be 28d. to 
the South-wards of the Eaſt or Weſt, 

Butif the Declination were as much South,and the Altitude 
10d, the zimuth thereto would be 46 &, 58 m. to the South- 
wards of the Eaſt or Weſt. | 

The firſt Operation alſo works a Proportion to witt. 

As the Radius Is to the cotangent of che Latitude. 

So is the coline of the Altitude, To a fourth fine. 

I ſay this 4th ſine bearcs ſuch Proportion to the Radius as 
the coſine of the Altitude doth to the tangent of the Latitude, 
for the 4th term of every dire& Proportion beares ſuch Pro- 
portion co the firſt terms thereof, as the ReRangle of the two 
middle terms doth to the ſquare of the firſt rerm. 

Bur as the reRangle of the co-tangent of the Latitude and of 
the co/ine of the Altitude is to the ſquare of the Radius , So is 
the coſine of the Altitude is tothe tangent of the Laticude , or 
which is all one, So is che co-tangent of the Latirude, To the 
ſecantof the Alcicude, as may be found by a common diviſtion 
of the reangle, and ſquare of the Radius by either ofthe 
terms of the ſaid rectangle,by help of which notionI firſt found 
out the particular ſcales upon this quadrant. * 

All 
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All Prop>rtions in fines and Tangents may be reſolved by 

the ſine of go d, and the Tangent of 45 d. on this quadrant if 

what hath been now wrote, and the varying of Proportions be 
underſtood, as in page 72t0 74 it is delivered- 

Bccauſe the Projection is not fitted for finding the Azimuth 
there are added two particular ſcales to this quadrant, namely, 
the particular fine inthe limb,and the ſeale of entrance abutting 
on the ſines firted for the Lacicude of Loudon. 

Lay the thread to the day of the moneth , and it ſhewes the 
Suns Declination in the ſcales proper thereto. 

Then count the Declinarion in the Limve laying the thread 
thereto, and in the particular fine, it ſhewes the Suns Alticude 
or Depreilion being Eaſt or Weſt, 

To find the Suns Azimuth, 

F Or North Deciinations take the diftance between the (ines 

of the vertical Altitude and givea Alcitude , but for South 
Declinations adde with your compals the fine of the given Al- 
titude to the fine of the vertical Altitude, ent-r the extent thus 
found, ac the Altitude in the ſcale of entrance-laying the thread 
to the other foot acco: ding to neareſt diltance,and in the equal 
limb ic ſhewes the Azimuch ſought from the Eaſt or Welt , or 
it may be found in the lines by laying the chread to that arch in 
the lmb chat che Altitude in the ſcale of eatrance ſtands againſt 
in the lines, and entring the former extent paralelly berween 
the thread and the (ines. 

Example. So when the Sun hath 13 d. of Declination his 
vertical Altitude or Depreſſion is 16 d,q2 m. lIfthe Declination 
were North and his Alticude 5d. 41 m, his Azimuth would be 
10d. to the North-wards ofthe Eaſt or Welt. Bur if ic were 
South and his Altitude r2 d. 13 m, the Azimuth would be 40d 
to the Sourth-wards of the Eaſt or \Veſt, 

By the ſame particular ſcales the hour may be alſo found. 

T 0 find the time of S un riſing or ſetting + 
Ake the fine of the Declinat-on, and enter it ar the Declination inthe 
Scale of cnrance and it ſhewes the time ſought in the equal lime 
from fix, E 24/4 


234 Of the particular Scales. 

ample. When the hath 16 d. ot Dcclination the Aſcenfional diffe.. 
rence is 49 m. which added to, or ſubſtraed tiom fix ſhewes the time of 
riſing and ſcrting, 


To find the howr of the day for Scuth Declination, 


I N raking the Alc tude, mind what Ark inthe particular Sine the thread 
cut, adde the Sine-of that Ark to the Sine of the Declination, and encer 
thar exrent at the Declinatiun in the Scale of entrance laying the thicad 
ro the other foot according to neareſt diſtance , and inthe equal limb ir 
ſhewes the hour from ſix. So ifche Declination were r3 d. South and the 
Suns Altitude 14d. 38 m, the thread in the particular Sine would cur 
18 d. 49 m. and true time of the day would be 9g in the morning or z inthe 
morning. 


To find the time of the day for North Declination, 


H Aving obſerved what Ark the thread in raking the Altitude hung over 
4 in the Particular S ne take the diſtance between the Sine ot the ſaid 
Arke, and the Sine of the Declin«tion and entrivg that <xcent at the De- 
clinarion in the Scale ot cutrance the thicad in the limbe ſhewes the hour 
from fix. WT 

Example, If the Suns Declination were 23 d, 3x m, North, and his Al- 
tirude 39 d. the Aich in the pait.culai Sine would bc $1 d, 3210. and the 
time of che day would be abour z quarters paſtz inthe atteruvon, or a quar« 
rer paſt 8 inthe morning. 

When the Alrirude is more then the Latitude the thread will hang 
over a Secanrt in the particula: Scale, this happens nortill the Sun have 
more then 13d. of North Decligacion , in this caſetake the diſtance be- 
rween the Secant before the beginning ot the Scale of entiance , and che 
Sine of the Declination art the end ot the ſame and enter it as betore. 

Example, The Suns declination being 23 d. 31 m. North it his Altitude 
weie 55 d, 29g m. thethread in the particular Scale would hang over the 
Secant of 18 d. 11 m, and che true time ot the day wouid be a quarter paſt 
Io in the morning, or 3 quart*1s paſt i in the atternoon, The Proport.vns 
here uſed are exprefied in Page 193, 

The Stars hour is to be found by the projeRion by reRifying the Bead wo 
the Sar and then proceed as in finding the Suns hour , attcrwards the cue 
gime of the night is to be found as in page 32, 


Cr ern — — 
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11 the Treatiſe of the Horizontal quadrant, pap. 43 line 6 for the z Januar) 
read (be 3oth. In the Reflex Dialling p:g. 5, adds is the laſt line theſe wards, 
&s K;icher ſheweth inhis Ars Anaclaſtica, 
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The Deſcription 


GE. Fg 


HORIZONTAL QUADRANT. 


DM, 3& His Denomination 15 attributed to it becauſe it 


IJ is d:rived from the Horizontal projection inyer» 


9 ted, 
| Of the Fore-ſide, 


Yn the right edge is a Line of natural Sines, On the left 
d-Sines. Both theſe Lines iflue from 'the 


jection included , which conſiſts of divers portions and Arkes 
of Circles, 
Of the Paralicls of D:clination. 
T Heſe are portions of Circles that crofle the quadrant oth- 
quely from the left edge, rowards the right, 


A 3 To 


The Deſcription of the - 


'$ Bſerve that the left edge of the quadrant 1s called the Meri. 
" ridian Line , and that eyery Degree or Parallel of the Sung 
Dechination if continued about would crofſe the Meridian in two 
. oppoſite points , the one -below the Center towards the Limbe x 
and the other aboye , and beyond- the Center of the quadrant, 
thediſtance. between thete two points is the” Dtamerer of the ſaid 
Parallel, and the Semidiameters would be the Center pots.” 

It will be neceſſary in the firſt place, to limit the ourward- 
molt Paralle] of Declination., , which may be done in the Meri- 
dian Line at any point aſſumed. ' x 

Thediltance of this afſumed point from-the Center in any La- 
titude, muſt repreſent the Tangent of a compound Arke, made by 
adding halte the greateſt Meridian Altitude to 45 Deg. which for 
London mult be che Tangent of 76 Degr.. T7 

And to the Radius of this Tangent mufft the following wotk be 
fitted. 

In like manner, the Semidiameters of alt other Parallels that 
fall below the Center, are limited by pricking downe the Tan- 
gents of Arkes,framed by adding halfe the Meridian Altitude ſuite - 
able to each Declination comtinually to 45 Degr. 

.Now to limit the Semidiameters a'zoye or beyond the Center 
onely prick offthe re{peRive Tangents of half the Suns mid-night 
Deprefhon from the Center the other way , retaining the former- 
Raduus, .by this meanes there will be found rwo reſpeRive points - 
limiting the Diameters of each Pirallel , which had, the- Centers- 
will be eaſily found falling in the middle of each Diameter. 

Bur to doe this Arithmetically, firſt , find the Arke! com+« 
pounded of halte the Suns meridtan Akitude, and 45 Degr, as 
before, and tothe Tangent thereof , adde the Tangent of halfe 
the Suns mid-night deprefſion ; obſerying that the Suns mid-night * 
depreſſion in Yaz, , is equal-to his Meridian. Altitade.in fans 
his declination being alike in quantity, though in different Hemiſ- 
pheres ,. the halfe ſumme of theſe rwo- Tangents are the reſpeRtive 
Semidjameters-ſought;, and being prickt-in the. meridian line 
either-- 


T7 _ — — ——_ ”* 


. Horizencal:Gutdnind: — 
exher way fromthe former points limicing the Diameters, will 
find the: Centers. ©: 001: Cl wh Ge, At 

Or without limiting thoſe -Points for the -Diameters : firſt, 
get the Difference berween the Tangems of :thoſe Arkes thatli- 
mit them on either fide, and the halfe ſymme aboye-ſaid , the 
faid difference prickt from the Center of the quadrafit in the me-- 
ridian line finds thereſpeCtive Centers of thoſe Parallels , the ſaid 
halfe ſummes being the reſpeRive Semidiaqaeters wherewith they 
are to be deſcribed, 


Of the Line or Index of ,Altitades... 


T His is no other then a fingle prickt line ſtanding next the 

Meridian line or ec of che quadrant, to which the 
Bead muſt be continually retifhed , when cither the: houre or 
Azimuth is found by help of the projeRion; | 


To graduate it-' 


A Dde halfe the Alkicudes reſpeRiyely wherero the Index-isto 
" be fitted co 45 Degr. and prick downe.the Tangents of theſe 
compound arkes from the Center, 


Example, | 


To graduate the Index for 40 Degr.* of Alcitude , the, halfe 
hereof is 20, Which added to 45 Degr,' makes 65 Degr, which 
taken from a Tangent to the former Radius, and prickt from 
the Center,gives the point where the Index is to be graduated withi 
40- Degrees, 

Hence it is evident that where the diviſions of the Index” 
begin marked (9) the-diftance of that point from the Center 
is equal to the common Radius of the' Tangents, Becauſe 
this Quadrant ( as all natural projections ) hath a reverted talle , + - 
the graduations of the Index are continued aboye the* Ho+ 
zontal point (o) towards the Center to 30 Degr, 49” asmuch" 
as4sthe Sunnes greateſt Vertical Alacude in this Latitude',; an- 
thegraduations: of the Indexare ſer oft from the-Center by prick 


A.3 Wg-; 


4 Tho Deſcription of the 
ing downe the Tangents of the arkes of difference berween half 
the propoſed Altitude,and 45 Deg, thus to graduate 20 deg, of the 
Index the balfe thereof is xo Degrees , which taken from 45 
Degrees , the refidue is 35 Degrees, the Tangene thereof prickr 
from the Center gives the point where the Index 15 to be gradua- 
red with 20 Degrees, 


QF-the houre' Circles. 


I Heſe are knowne by the numbers ſet to them by croſſing 
,* the Parallels of Declination, and by ifluing from the upper 
part of the quadrant towards the L:mbe, 


To deſcribe them, 


Et it be nored that they all meet in a point in the Meridian 

Line below the Center of the quadrant : the diſtance whereof 
from the Center is equal to th: Tangent of halfe the Complement 
of the Latitude taken out of the common Radius,which at Londox 
will be the Tangent of 19 Deg. 14'. 

The former potat which may be called the Pole-point, limits 
their Semidiameters, to find the Centers prick off the Tangent 
of the Latitude and through the termination raiſe a line Perpen- 
dicular to the Meridian line, the diitance from the Pole-point 
being, equal to the Secant of the Laticude, muſt be made Radius. 


And the Tangents of 15 Degrees, 30 Degrees &c. prickt off 


on the former raiſed line, giyes the reipeRive Centers of the houre 
Circles, the diſtances whereof from the Pole point arc the Se- 
midiameters wherewith thoſe houre Circles are to be drawne, 


Of the reverted Tail, 


x i His necds no Rule to deſcribe it,being made by the contiruing 

of the parallels of Declination to the right edge of the qua- 
drant and the houre Circl:s up toche Winter Tropick or parallel 
of- Declination_neereſt the Center, however the quantity ot it 
may be knowne by ſerting one foot of a paire of Compalles in the 
Center 


—.& t» © 


' Center of the quadrant, and che other extend to oo Degrees of 
Alicude in the Index; an Arch with that extent over the 

drant as much 2s « cuts oft will be the Reverted Taike , and 
o mich would bz the Radius, 


Of a Ruadrant made, of this Projeftion wot inverted. 


B Y what hath been laid it will be evident to che judicious that 
this inysrfion 15 no other then the continance of the extents 
of one quaiter of the Horizontal projeftion. 
Which o:h:rwile could nor with convenience be brought upon 
2 quadra::t, 
Hence it may be oDſeryed chat, 


Having aſſigned the Radins quady art made = Horizontal 
Projeltion without inverſion , to know big 4 
Rading it will require when inverted the 
proportion will bold, 


S the Radius, is to the diſtance of the interſeRion of the 

A&quinoCtial point wich the Horizon from the Center equall 
ro the Radius ofthe ſaid ProjeQion when nor inverted, in any 
common meaſure, 

So is the Tangent of an Arke compounded of 45 Degrees , and 
of half the Suns greatelt Meridian Altitude, 

To the diſtance berween the Center and rhe out-ward Tropick 
next the Limbe in the ſaid known meaſure when inverted, whence 
ic followes that berween the Tropicks this projeMiBn cannot be 
inverted , but the reverted taile will be but ſmall, and may be 
drawne wich convenience without mnverhon, 


Of the Curved Line and Scalts belonging to #t. 


Eyond the middle of the ProjeRion ſtands a Curyed or bend». 

ing Line, numbred from the 'O or cypher both wayes, one 
way to 60 Degrees, but divided to 63 Degrees, the other way to 
26 Degr, burdirided to 23 Deg; 30's | 


The 


6 To draw theCurve, - 

+. The Invention of this Line ownes Mr. Dary for the Author 
thereof, the;UIſe of .it being to find the houre or Azimuth in that 
particular Jatitude whereto it is fitted by.the extenſion of a threed 
oyer it, and the lines belonging to it, ; ; 

The lines belonging to it are two, the one a'Line of Alritudes, 
and Declinations (anding on the left edge of the quadrant, being 
no other but a line of Sines continued both wayes, from the be. 
ginning one way to 62 Degrees, the other way to 23, De- 
grees 30/. 

The other line thereto belonging is 1 30 Deg.of a line of Verſed 
Sines, which Rtands next without the Projection being parallel to 
the left edge of the quadrant, 


To dravu the Curve. 


D Raw two lines of Verſed Sines, it matters not whether of 
the ſame Radius orrio, nor how poſited; provided they be 
parallel, ler each of them be numbred-as a Sine both ways, from 
the middle 2t {o) and fo each of them will containe two lines of 
Sines, to the right end of the uppermolt fer C , to thelefrend D, 
and to the right end of the el ſer A, and to the left 
end B. ER. : 

Firſt , Note that there isa certaine -point in the Curve where 
the Graduations will begin. both upwards and downwards, this 
1s called the Roiariial penn to findit, lay anler from A to 
the Complement. of the Latitude counted from (©) 1n the upper 
Scale towards D,. and draw aline from A to it, then count it 
the other * way towards C, -viz. 38 Degrees 2£'.. for che 
Co-latitude of Londoz , and lay a ruler oyeric, and the point B, 
and where it jnterſeQs the line | before; drawn, isthe'&quinoRtial 
point co be graduated. | | 

Then to graduate the Divifion on each fide of it, requires ongly 
the making 1n effect of a Table gf Merdian: alenudes ro cycry; de- 


gree of Declination ( which becaute che'Curve will allo ſctys for 
the Azimith'in which caſe the gradugtians of. the,Curye which. in 
finding the houre were accounted Declinations mult be _ 

| Alt. 


Mitivades ' maſt be comrmed to Gn $forthis I. aries 
and rome. alſo if it be intended CITn—_ _ «Omas 
houre that hath more dealimatuan.- 


'To make this Table, 


G Errthe Summe and difference of the Complement of the lati- 
cude and of the Degrees intentled to be graduated y and ifthe 

ſure exceed 90 D-greestake its complement to 180 degrees ir= 

ſtead of it : being thus prepared the Curye will be readily made. 


To graduate the under part of the Carve, 


Account the ſuname in the upper line from O rowardsD , and 
from the poimt A in the under Iine draw a line to it, 

Account the difference wm the upper line when che degree pro- 
pofed tobe graduated is lefle then the complement of the Lati- 
tude from O rowards C: but when it is more towards D, and 
from the pointe Bly a Ruler overic ,' and where the Ruler inter- 
ſe&s , the line —_— drawn 1s the point where the degree pro- 
poſed is to be gradua 


Example. 


Letitbe required to find the point where 60 des, of the Curve 


ws to be graduated, 
Arke propoſed 60 deg, 


Co-latirude 3$ : 2$ 

98 : 28 
Summe 8 : 32 
Difference 3t 33 


Count $1 deg, 32” in the upper line from O towards D , and 

from the point A draw a line to its 
Count the difference 21 _ 32' from O cowards D , be« 
cauſe the co-latitude is lefle then the arke propoſed, and lay a 
Ruler oyer it , and the point By and where it interſeRs the for= 
B mer 


on D# Dtſeription. of the | 
mer line is the point where 60 deg. of the Curyo is to be. graduates 
ontheJower fide. 1: ib 1nd bo he hh On 902 
Another Example. 
Let it be propoſed to graduate the ſame way, - 
The arke of 30 degr, © 3odegr.. | 


| Co-latitude wn 38:28; © 
| Summe 683 28 
Difference $: 28 


Count 68 deg,_ 28" from © towards D, and from the point A. 
diawa line t9.it. Again inthe ſaid upper line , count 8 deg, 28' 
upwards from O towards C,8 from the point B lay a ruler oyer it; 
& where ic interſ{eRs the line laſt drawn is the point where 30d, 
- of the curye is to be graduated, To graduate the upper part of the 
curye requires no other directions, the ſame arkes ſerve, if the 
account be but mae the other way, and in accounting the ſumme 
the ruler Jaid oyer B,inthe lowerline.inſtead of A,and in'counting 
the difterence oyer A, inſtead of B, neither is there any Scheme 
given hereof, the Practitioner need onely let the upper line be 
the line of altitudes on the left edge of che quadrant continued out 
ro godeg, at each end, andtothat end next the Center fetC, 
and to the other end D. -So likewiſe let that end of the Verſed 
Scale next the right edge of the quadrant be continued to 180 deg, 
whereto ſet. A, and at the other end B, and then if theſe directi- 

ons be obſeryed, and the ſame diſtance and pofition of the lines 
retained , it will not be difficulr to conſtitute a Curyse in all re- 


\peRs agreeing with that on the fore. fide of the quadrant. 
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The defeription of the othey 'Sealer, » 


* Of the hore and «Azimuth, Seals mn the right edge 
of the Quadra, ; | 


FT His Scale ſtands outwardmolt ontherright edge of the qua- 
drant, and conſiſts of two lines, the one a line of yo fines 
made equal to the cofigneof ithe Laricude , namely, to the fine 
of 38 deg. 28”, and continued the other way to 40 deg. like a 
Verſed line, © * | | | 
The annexed line being the other part of this Scale, is a line 
of .naturs] Tangents. beginniug where the former fine began , the 
Tangent of 38.dey. 28 being made equal to the fine | of go deg, 
this Tangent 1s continued each way with the fine ; towards the 
Limbe of the quadrant it ſhould have been icontinued-to 62 deg, 
but that could not be without excurfion 4 wherefore it is broken 
off ar 40 degrees, and the reſidue of ir graduared below , and 
next under the Verſed fine belonging to the Curye that xunnes 


crolſe the quadrant . being continued bur to halfeiche former 
| - -Of the Almanack, 


N Ext below the formerline ſtands the Almanack ina regular 
ob-long with moneths names graved on cach fide of it. 
Below .the Almanack Rands the quadrat:, and ſhadowes in 
ewo Arves of circles terminating agaii.lt 45 deg- of the Limbe , 
below them a line of:90 fines in a Cucle equal to 51 deg, 32' of 
the Limbe broken off below the Rreighr.line, and the reſt con- 
tinued above 1t. : | 
Below theſe aro put on in Circles a line of Tangents to 69 
deorees. | Yo or . 

. *Allo a line of Secants ta Go deg, with a, line of leſſer ſine pqnd- 
ing agzinſt 30 deg. of the Limbe ( counted from the right edge ) 
where thc graduations of the Secant begins, 

- Laſt of all the equal Limbe, | 
' Prickt with the pricks of the quadrar. " 
Abutting upon the line of fines, and within the Projection 
ſtands a portion of a {mall fine numbred with its Complements 
beginning againſt 38 deg, 28' of the line of fines , this Scale is 
B 2 called 


TFhe-Defeription of the Fack- fie. 
led the Seale of entragce; Upon the Projection are laced di. 
non Stars, I they ate inſtrzbed (haltde aftetwards ibverie 


The deſcription of the :; 
Back-ſide. 


Put 0n in quarters or Quadrants of Circles. 


iS} , 
C5 


; He equat Limbe' divided 'into- degrees, as allo mro 
houres and balyes, and the quarters prickt to ſerye'for 


2 Nocturnal.. 


> A line of Equal parts, ' | 

3 Alinc of Superficies or Squares, 

4 Aline of Solids or Cubes. 

5s A - of 45 degrees doubk divided to ferve for x 
Dyalling Tangent ,, and'a Semirangent for-projeCtions: 

6 Theline So), alias a line of Proportional Sines, -* ' 

7 A Tangent of 51 deopees 32* chrough the whole Limbe, 

$ A line of Declinations for the Sun to 2 3 deg, 3 17. 


& 
2 Four: quadrancewith the deyvof the Moneth, 


I'2 

33 The Sunvrrue placewith the Charecters of the x4 Seigne®. 

4 The line ofSegments,with a Chord before they begin, 

15 The line of Metals and Equated bodies. | 

BS The le of Qtadrature.. 

17 Fheline of Inſcribed bodies. - 

x8. Aline of :>houres of Aſcenſion with Stars names, Decli- 
natzons,and Afcenfional differences, 

Above all theſe a Table ro know the EpaR,and what day of the 


Weeke , the firſt day of arch hapned upon , by Inſpection 
contumed to the Yeare 1700. 


' 
$ -- 


AM 


=* wed 


The Uſe: of the Aundranr, 
" Mt theſs berwern rhe Limbe and ths Crore. 


_ the right edgso ineef equal fromthe Center deci- 
Ou; ſub-div1dee, being a line of ro inches; alſoa Dyalling 
Tengene or Scale of & houres;rhe whole lengrh of the quadrane noc 
iſſuing from whe,Center. 
On > left edgea Fangenrof 6Fdry; 26*fromche Cemer, 
Alſo a Scale' of Laicudes fitted to the former Scale of houres 
not iſuing from che Center, and below it 4 ſmall Chord: 


"The Uſerof the Pnadrant. 


Of the Os. of the ' Quadrant, 
Dayes, the ſame: a5xthe huſk oþ Haqch. 


——— 


. March | HART | 15 | 22 | 29, | Noyens 
| 2ulted — «gnrry to F 

Augot\ 29 | 16 | 23 [30 |dngef ( 
May -\': 3-40 17 24 -| JT Jnuary 4 
Offober| 4 \ 11 | 18 | 25 | © |ORobppi guth 

one nr ZZ 1 "L+ z2-dn0 
Apre! 51222. ie 26,139 2[Toly.. rg ouA 
Septem.| 6. | 13 1 20 1 37 .1..09_| Decembar |: .... 
June | 7 | 14 | 21 | 28 | Oo February 


. "Parpeet8 Bmengh;\ oy NN 
Of the Uſis of the ProjeFtion. 
B Efore this ProjeRion can be uſed, the Suns declinationiis re- 
2 quired,& by conſequence the-day,ot the month for the ready 
finding thereof there is repeated.the ſame table that (tands on the 
Back-fide ofchis quadrancin each fuled pace;th@uppermolt figure 
ſignifies the .yeare. of the Loxd''.and the column it.is placed'in 
ſheweth upon what day ' of the 'Wecke the firſt day of March 
hapned upon in that yeare » and the undermolt figure 'in-che ſaid 
ruled ſpace ſhewerh what was the EpaGt for that yeare arid this 
.continucd to the yeare 1701 incluſive, PREG, 5: i. 


' *Engnple + | i | 

| i = 1 T7, 

Looking for the yeare 1660 'I find the figure 66 ftanding'in 

Thurſday Column, whence I may conclude that the -firlt day of 

March that yeare-will be Thurſday, and under it ftands 28 for 
the Epatt that yeare. 


Of the Almanack. 


H Aving as before found what day of the Weeke the firſt day 

* of March hapned upon, repaire to the Moneth you are in, 
and thoſe figures that ſtand againſt it ſhewes you what dayes of 
the ſaid moneth the Weeke day ſhall be, the ſame as it was the firſt 
day of March, 


Of: the Epatt, 13. 

Example For the yeare 1660, having found that the firſt day of 
March Ninricd upon wThurfadyy looke into the columr agaia(t 
Zane , and February , you will find that the 7th 14th, 21th and 
28th dayes of thoſe Moneths were Thurſdayes, whence it might 
be concluded if nee were that the quarter day or 24th day of 
June that yeare hapneth on the Lords day. + - 


[2.0000 Of the Epall. w 


THe EpaFt 1s a number carried on in account from yeare to 

yeare towards a new change, and is 12 dayes, and ſome 
odde time belides, cauſed by,reaton of the Moons motion, which 
changeth 1% tini*s In a"yeare Solar. and runnes allo this 1 x dayes 
more towards a new-change , the uſe of it ſerves" to find the 
Moones age, andthereby the time of high Water, 


Tos know: the Moons age. 


\  Dde tor the day ofthe Moneth the Epatt, and.ſo many days 
more, as are moneths.from March to the moneth you are 
in, including both moneths , the ſumme (if lefle then 50) the 
Moones age , if more, ſubtra& 30; and the reſidue in the 
age ( prope vernm. ) 


o00s 
Ex amplt, 
< 


The Epatt for the year 1658 is 6,and let it be required to Know 
the Moons age the 28 of F#1y, being the fift moneth from March 
both incluſive de 

28 = 
5 
The ſumme of theſe three numbers is 39g 
Whence rejeRting 30, the remainder is 9 for the Moons age 
ſought, 
The former Rule ſerves when the Moneth hath 31 dayes, bur” ' 
if the Moneth hath but 3o Dayes or leſle, take away bur 29-and 
the reſidue is her agee 


To find the time of the. Idoanes Famming Sauk, | 


M Wkiply the Moones age by 4, and diyide by 5, the quotient 
ſhewes ir , every Uait that remaines is4n value twelve mis 
nutes of time, and becauſe when the Moon 1s at the full, or 1 5 
dayes, old ſhee comes co South at the houre of 12 at midnight , 
for cafe in multiplicationgnd Dayiſparwhen her age exceedes x5 
dayes rcjeR x5 fromit, 


Ex ample, 


So whenthe Moon is 8 daycs old, ſhe comes to South at 24 
minutes paſt ſix of the clock , which being knowne, her riſing or 
ſerting may be 1udely guefſed arto be fix houres more or lefle be- 
fore her being South , and her ſerting as much after, bur in regard 
of the varying of her declination no general certaine rule for the 
memery can be given. 

Here it may be noted thac the firſt « 5 dayes of the Moones age 
ſhe commeth to the Meridian after the Sun, being to the Fae 
ward of him, aud the later 15 dayes, ſhe comes to the Meridian 
before the Sungbeing to the Weltward of him. 


To find the time of high Water, 
7] © the tine of the Moones comming to South, adde the time 


of high water on the change day,preper to the lace to which 
the queltzon is ſuited, the ſurame ſheyes the time of high waters 


To find the time of high Water. 


Moenes Moon , Tide 
age South Lowdon 
Ho, mi* Mi 


For Example, There is | 2" ay 
added in « Toble of thetime | © I on CTY , : 
of high Water at Loxdon , *,, JO N00 p by y. 2 48 
which any one may calt np 0 In Om 
by memory accordingto theſe | ? : ; 
ales, it is to be noted, that ; ML} gd Bea 
Spring Tides, high winds,and dad 5-158 F. 3: 


the Moon in her Quarters 6 21 | 4 48 7 48 
cauſes ſome variationfromthe” | 7 22 5 36|8 36 
time here expreſſed, s 231|6 2419 24 
9 24 [7 12 ro I'3 
[10 2518 oof11 7 co 
11 26]$ - 48 Is. 
12 27/9 2 36/12 : 36 
13 28.] 10 - 24|1 24 
[14 29 I Wo. 


This Rule may in ſome meaſure fatisfie and ſerve for yulgar 
uſe for ſuch as have occaſion to go by water,and but that there was 
ſpare roome to grave on the Epacts nothing at all ſhould have been. . 
{aid thereof, 


A Table [hewing the houres and 


Minutes to be added to the time of the: Moons comming ww 
South for the places following being the time of high 
Water onthe change day, 


Quinborgugh, Sonthampton, Portsmouth, Iſle of Wight,) H, m, 
Beachie , the Spits , Kentiſh Knockg , half tide at 


Dunk irke. 
Rechefter , Maulden , «Aberdeen, Redban, Weſt end of 


00 :: 00 


the Nowre, Black taile. 004 45 3 
Graveſend, Downes, Rymney , Silly half tide , Black: 
neſs, Ramkins, Sembead, I :3a- 


Ch Dundce.. 


——— * _- 


16 
Dundee, St. Andrewes, Lixborne, St. Lucas , Bel Iſle; 


Holy Iſle. 
London, T innmouth, Hartlepoole , Whitby , Amſterdam, | 
Gaſcoigne, Brittaine, Galizia, 


Barwick fFlamborongh head, Bridlington bay , Oft end, 
Fluſhing, Bourdeaux, Fountneſſe, 


— — — cw IS 


—— 


Scarborongh quarter tide , Lawrenas , EMonnibay , 
Severne, King ſale, Corke-haven , Balt amoor , Dun- 
garvas, Calice, Creeke, Bloy ſeven Iſles. 


— ——-— — I nm—_— OO 


Falmonth , Foy, Humber , CMoonles , New-caſtle , 
Dartmouth, Torbay, (aldy Garneſey, St. Mallowes, 


F 


Abromrath, Lizard. 


--  —awwowuuw wu SEM) coo —s coomounmu conn tt Oe Cee 


Plymouth, Weymonth, Hull , Lin , Lundy , eAntwerpe , 
Holmes of Briſtol , St. Davids head , Concalo, Saint 
AAalo, h 
Briſtol, foulnes At the Start. 
Milford, Bridg-water, Exwater , Lauds end , Water- 
ford, Cape cleer, Abermoricks Texel, 
Portland, Peterperpont , Harflew, Hague, St. Ma 
guns Sound, Dublin, Lambay, Ad; wels Caſts, 
| Poole, S. Helen, Man Iſle, (atnes, Orkney, Faire Iſles 
Dunbar, Kildien, Baſſe Iſlands, the Cafquers, Deepe 
at halfe tide. 


Needles, Oxfard, Layſto, South and North Fore-lands, 


| 


Yarmonth, Dover, Harwich, 
Pohn de Iuce, Calice road. 


Nye, Winchelſea,Gerend,] Rivers mouth of T hames, Faire 
"Tſe Rhodes. 


A———_ 
| —— 


— 


To 


A Table ſhewing the Honres and Mis: &6: 


3 


| in the frith Bullen , Saint| 


* IF 


Z 


30 
: IF 


- 09 


0 t 45 


* 20 


s 15 


: 45 


D © 


* 30 


The wſegof the Dnadrant ant, 
[11 To find the Epalt for over. 


& Order hereto, firſty find out the Prime Number divide the 

yeare ofthe Lord by 19 the reſidue after the Divifiet'is finiſh- 
ed being augmented by an Unit is the Primeſought , and ifno- 
thing remaine the Prinse is an tn be 28 GVO 


17 


To find the Epatt. 


M Ultiply the Prime by I1, the produdt is the EpatZ ſought if 
YE Jeſſe then 30, but if it be more; the refidue of the Praduſ 
divided by 3o is the Epa{t ſought, there note that the' Prinze 
changeth the firſt of Jamwary , and the Epatit the firſt of e March, 


Otherwiſe, 


Having once obtained the Epai# adde x1 {o itthe Summe'if 
lefle then 30 is the Epatt for the next yeare if more cejeR 30, and 
the reſidue 1s the Epadt ſought, 


C aution: 


When the Epatt is found to be 29 for any yeare , the next 
yeare following. it will be 11 and nor 10, as the Rule would 
ſuggeſt, 


A Table of the Epatts belonging to the reſpefiive Primes, 


=\=l: 3 [4 15 16 [7 18 19 Jo 7{12|13 14\15116 wal 
: Ep*\rn 2213 114j25(9 [17]2819 J:o[r [12[33/4 15|26|7 18 


The Prime number called the Golden Number, is the number 
of 19 years in which ſpace the Moon? makes all variety of her 
changes,as if ſhe change on a certain day of the month on a certain 
yeare ſhe ſhall not change the ſame day of the moneth again till 
19 yeares after : and then jt doth not happen upon the ſame houre 
ofthe day , yer the difference doth not caule one dayes yariation 
13-300 yeares., as isobſeryed by Mr. Phibps. 


C2 T be 
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—— 
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1$ | The *< of the Quadrant. * 
The Uſes of the ©) uadrant. 


W Tthout reRifying the Bead nothing can be performed y dow 
ProjeRion,except finding the Suns Meridian Altitude being 
fhewn upon the Index, by the interſeRion of the Parallel of de- 


clination thezewith, 
Alſo the time when the Sun will be'due Eaſt or Weſt. 


C1 Race the Parallel of Declination to the right edge of the Pro- 

jeRjon, and the houre it there interſects ( in moſt caſes to 
be duly eſtimated ) ſhewes the time ſought, thus when the Sun 
hath 21 deg. of North declination, we ſhall find that he will be due 
Eaſt or Weſt, about three quarters of an houre palt 4 inthe after- 
n00n,or a quarter paſt 7 in the morning. The declination is to be 
found on the Back-ſide of the quadrant by laying the thread over 
the day of the moneth. 


To reftifie the Bead. 


Ly the thread upon the graduated Index, and ſet the Bead to 

the obſeryed or given Altitude, and when the Altitude is 
nothing or when the Sun is in the. Horizon ſet the Bead to the 
Cypher on the graduated Index, which afterwards being carried 
without (tretching to the parallel of Declination the threed inthe 
Limbe ſhewes the Amplicude or Azimuth , and the Bead amongft: 
the houres ſhewes the true time of the day. 


Example. 


Upon the 24th of April the Suns declination will be found td 
16 deg. North, 

Now to find his Amplitude and the time of his rifinglaying the 
threed over the graduated Index,ſet the Bead to the begining of 
the graduations of the Index, and bring it \without ſtretching to 
the parallel of declination aboye being 16d, and the threed in che 
limbe 


limbe will lye oyer 26 dey. 18'forthe Suns Amplitude or Colt 

of rifing to the Northward of the Ealt , and the Bead amongſt the 

houres ſhewerh 24 minutes paſt 4 for the time of Sun rifing, 
Which doubled gives the length of the njght$ houres 49 min. 


In like manner che time of ſetting doubled gives the length of 


the day. 


The ame 10 find the honre and «Azimuth let the given 
eAltitnde be 45 degrees, 


H Aving reRified the Bead tothe ſaid Altitude on the Index 
and brought it to the interſe& , the parallel of declination the 
thread lyes over 50 degrees 48”, 
For the Suns Azimuth from the South. 
And the Bead among the houres ſhewes the time of the day 
to be 41 minutespalt 9 in the morning, or 1g minutes paſt two-in 
the afternoon, 


Another Example wherein the operation will be upon 
the Reverted taile. 


Let the altitude be 3 deg. 30 
And the declination 16 deg. North as before. 


T O know when to rectify the Bead to the upper or neather 
Altitude will be no matter of difficulty, tor if the Bead beivg 

{eto the neather Altitude will not meer with the parallel of dc- 
clination , then ſet it to the upper Altitude, and ic will meet with 
Winter parallel of like declination,which in this caſe ſupplyes the 
turn, 

Soin this Example , the Bead being ſet to the upper Alritude ct 
3 deg. 30' and carried to the Winter parallel of declination. 

The thread in the Limbe will fallupon 68 deg.28' for the Suns 
Azimuth from che North, and the Bead among the houres ſhewss 
the time ofthe day to be cuther 5 in the morning or 7 at night. 


Another Example, 


Admirthe Sun have 20 degr, of North. Declination ( asabouc 
the 9th of Aſap ) and his obleryed altitude were 56 deg. 20' ha« 
ving 


The uſes of the ProjeTion. 'rg 


g_— — 


20: T hit ſes of the Projettion.. 
vingreQified the Bead thereto , and brought itto interſect the 
parallel of ao deg, among the houres &t ſhewes the eine ofthe top. 
cobe 11.in the morning or I in the afternoon , and-the Apa 
ofthe Sun to-be 26 deg, from the South 


The Uſes of the Projettion. 


' O find the Suns Altitude on all houresor Azimuths will be 
but the converſe of what is already faid , therefore one Ex- 
aWple ſhall ſerye. 
When the Sun hath 45 deg. of Azimmth from the South. 
And his Declination,13 deg. Northwards. 

Lay the threed over 45 deg--jn the Limbe, and where the 
threed interſeRs the Parallel of Declination thereto remoye the 
Bead which carried to the Index without ſtretching , ſhewes 43 
deg, 50' for the Altitude fought, 

Likewiſe to the ſame Declination if it were required to find 
the Suns Alcitudefor the houres of 2 or 10. 

Lay the threed over the interſeRion of the houre propoſed with 
the parallel of Declination, and thereto ſet the bead whuch carried 
to the Index ſhewes the Alticade ſought namely 44 deg. 31'. 


The ſame Alticude alſo belongs to that Azimuth the threed in the 


former Poſition lay over in the Limbe. 

This Projection is of workt performance early in the morning 
or late in the eyening, about which time Mr. Daries Curye is of 
beſt performance whereto we now addrefle our ſel yes, 


Of the cnrved line and Scales thereto fitted. 


his as we have ſaid before was the ingenious inyention of M. 
* Michael Dary derived trom the proportionalty of two like 
equiangled plain Triangles accommodated to the latitude of Lox- 
&ex,for the ready working of theſe two Proportions, 


% 


—_ 
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The liſes of the Projetion. ja 
1. For the Houre, 
eAs the Coſine of the Latitude, is to the ſecant of the Declination, 


| So #5 thedifference between the ſine of the Suns propoſed and Me» 


ridian Altitude, 

To the verſed fine of the houre from noone, and the converſe, 
and ſo is the fine of the Suns Meridian Alcicude , to the yerſed fine 
of the ſemidiurnal Arke. 


2. For the Azimuth. 


The Curve is fitted to find it from the. South and not from 
North, and the Proportion wrought upon it will be, Y 

As the coſine of the Latitude , is to the Secant of the Alcitude.. 
So is the difference of the verſed fines. of the Suns ( or Stars ) di-- 
ſtance from the eleyated Pole, and of the ſumme of the Com- 
plements both of the Latitudeand Altitude , co the yerſcd fine of. 
the Azimuth from the noon Meridian, Wa 

Which will. not hold backward to find the Alcitude on all 
Azimuths, becauſe the altitude 1s.a term involved , both inthe te= 
cond and third cermes of the former proportion. 

If the third terme of the former Proportion had not been a dif-- 
ference of Sines., or Verſed (fines, the Curyed line would haye. 
been a ſtraight-liney and the third term always counted from one 
point ,, which though in the uſe 3t,may ſeem to be fo here ,, yer in 
efic& the third term for the howre is always counted fiom the Me- 
ridian alritude, 

Here obſerve that the threed lying oyer 13 .or theend of che 
Veried Scale , and oyer the Suns meridian altitude 3n the line of 
altitudes , it will alſo upon the curve ſhew the Suns declnauon , 
whach by. conftiuRtion is ſo framed thar if the diſtance trow that 
point&o the meridian altitude, be made the cofine of Latitude ,the 
difiance. of the ſaid point from the end of the yerſed Scale numbred 
with 12 ſhall be the ſecant of the declination to the fame Radius, 
being both.zn.one ſtra.ght-line.by the former continution of che 
threed , and inſtcad of the threed you may imagine a line drawn. 
over the quadrant, then by placing the threed as hereafter duced 


It. 
® 


_ 
- 


22 7 be wſes of the Curuc. h 
it will with this line & the fitced ſcales conſtitute two equiangled 
plaine triangles,upon which baſts the whole work is built, 

In the three firtt Proportions foKowing relating to time, the 
Altitude mult alwayes be counted upwards from O' ia the line of 
Alc itude, and the Declination in the Curye upwards in Summer, 
downwards itz Winter. | 


i To find the time of the Suns riſing and ſetting 
by the Curve. 


wW E have before intimated that the ſuns Declination is to be 
found on the back ofthe quadrant , baying found it, lay ong 
part of the thitad over odeg. inthe Line of Altitude , and ex- 
rending it, lay the other part of it over the Suns Declination 
counted from O: in the Curve , and the thread upon the Yerſed 
feale ſhewes the time of Suns riſing and ſetting , which being as 
much from fix towards. noon in Winter as towards mid-njght: 
in Summer, the quantity of Declination ſappoſed alike both wayes 
ef1 each fide'the Equino@ial, rhe-thread may be layd'cither way 
from'O in the Curye tothe Declunation, * ; 
Example. . | 

When the Sutr hath 26 deg, of Declination , the thread being 
laid over'26 deg, 'in the' Curve and' Of in the Altitude on the tele 
edge ſhewes thac the'San 3%; T houre 49" = fix in the Summer” 
and i= 2 much ** fix'itithe' Winter, 


2 The Altitude aud Declination of the Sax being givex , 
to find the howre of the day, 


F* Ont the Altitnde' from © in the Scale of Altitudes-cowards , 
the Center, and rheretotay the thread , then count the Decli- 
nation from Om the Curye,if North upwards-royrards che Center,, 


if Soinh downwards towards the Limbe. 
And'lay the thread extended vyer it and'inthe Verſed Scale ir; | 
fhiewes.the time of theday ſopght: * | 


Example 


avs 0 T Fro, -c..0 0 @©hs. 
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The uſes of the Curne, 
Example, 


The Alcicude being 24 d. 46! and the Declination 20d.North 
gounting that upwards in the Scale of Alcitudes,and this upward 
in the curye,and extending the through thread, it will interſe& the 
Vetſed Scale at 7 and 5, ſhewing the houre to be cither 7 in the 
morning,or 5 inthe afterno#h, : 


eAnother Example for finding when twliight begins. 


Let the Suns Declination be 13 deg. North, the Depreſſion 
ſuppoſed 18 dg. under the Horizon, 

In ftead of the caſe propounded , ſuppoſe the Sun to haye 13 
deg. of South Declination, and Altitude 18 deg, above the Ho- 
rizon accordingly extending the thread through 18 in the Alci- 
tudes counted upward from O in the line of Alticudes and through 
I3 deg. counted downward inthe Curvefrom O, and wipon the 
Verſed Scale , the thread will ſhew that the Twilight begins at 
28 minutes paſt 2 in the morning, and ax 32 min, palt g atnight, 


3 The Converſe of the laſt Propoſition is to find the Suxs 
altitudes on all hoxres. 4 


P*end the thread over the houre propoſed in the yerſed Scale 
and alſo oyer the Declination in the Curye counted upward if 
North,downward if South. 

And in the Scale of Alcitudes it ſhewes the Alticude ſought. 


Example, 


If the Sun have 13 deg. of North Declination his Altitude for 
the houre of 7 in the morningyor 5 in the after-noon will-be found 
to be 19 deg. 27's ; 

In the following Propoſitions the alcitude muſt alwayes be 
counted from O in the Curve downwards, and the Declination 
in the line of alcitudes , if North —_— , if South —_— op 

4 To 


2 The ofr+ of the Curve, 

4 To find the Suns Amplitude or eaſt of riſing and ſetting, 

Exmsnple. 

Kf the Sun had 20 deg, of Dechnation the thread being laid to 
©:in the Curve ,, and co20 inthe liar of altirades. or Declinz- 
tions., either upwards or downwangs-the thread wal. lye 33 dg. 
21” from go in the Verſed Scale , for the quantity of the Suns 


Coalt of caling. ng from the erue Ealt or Wei m Winter 
Squthward,in Summer Norhward, 


. The Sums altitude antt Doohnwion bring propeſetl 
1 Jo fad his eAwine h. 


(COutthe akitude from Q-in the Curve downerard,and the de. 
* clinationmche Wanget upon the line of Declinations from 
© upwards, in Summer dowawerds, and the thread extended 
theweth the Azimuth fought ,. onthe Verſod Scale, 


Example. 


So «hen the San hath-1Þ teg-.37 of North 'Declination , as: 
aSabout 19 F»ly, if his otirade were-3y deg, the, Suns Azimuth: 
would be RE be 69 deg, from the South, 


'6 Tie Conoerſe of the former Propoſition wilt br to Fud the 
Sun Altitude on all Azimmbs, —_ 


T He Inftrument will perform this Propoſition though the Pox«. 
portion for finding the Aimarch cannot be inverted, 

Lay the thread to the azimuth in the Verſed Scale, and tothe 

-Deglination inthe Scale.on the tek edge, and-upon'theCurye ir 

Example, 


Hthe Sunhad.36 deg- 1-3/-0f South Declination, as aboutthe 
2h ob Ofdober , if his Aziapchwwcre 39 deg.:f:omhe- South the: 
akitude agreeable therewo' would be found tobe 14 deg, 

Theſe: 
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Theſe Uſes being wnderttood y if the houre and altitude or 
the azimuth and altitude were given to find the Declination, the 
manner of performance cannot lurke, 


Ofthe Houre and Azzmuth Scale on the right 
Edge of the Quads ant, ; 
ps x Mis Scale being added by my felfe, and derived from Pro- 


portions in the Analemma , ] ſhall firt lay them down, and 
then apply chem, 


Oo 
-_— 
N_ Z 
QR 
Az 
S 
ET G 
XV oefloSvccocops A 
Þ* Þ 2 


In the former Scheme draw F C V the Horizon, Z C the 
Axis of the Horizon, CP the axis ofthe Spbeare G C continued 
to N the Equator, O La rules of North, and E I a parallc! 
of South Declination , W X a parallel of winter aJicude, SL 
a parallel of altitude lefle then the Complement of the laytude , 

ZP a parallel ofgreater altitude , and fam the pointsE and B. 


let fall the perpendiculars E F and BH, and from the points 
G and N ler fall the perpendiculars BG, G M, and N O whi 
will be the fines of the Suns declination , by this meanes there 
will be divers right lined right angled plaine Triangles _— 
D 2 tute 


26 General Proportions. 
tuted from whetce are educed, the Proportions following: to 
Ealculate the Suns houre or Azimuth. 

Note, firſt, thatT V is the Verſed fine of the! Szmidiurnal 
arke in Summer, and Elin Winter, and Y V the fine of the 
houre of riſing beforefix.in Summer,equalto the diſtanceof I from 
the Axis continued m Winterywhich may be found in theTriangle 
CY V, but the Proportion 1s. 

As the Cotangent of thelatitude, To Radius. 

So the Tangenr of the Suns Declination, 
Tothe (ine of hisaſcentional differencegbeing the time of his riſing 
from fix, thus we may attaine the Semidjurnal arke. 

Then forthe houre in the Triangle B H I it holds. 

As the Cofine of the latitude , to the fine of the altitude, 

So is the Secant of the Declination. 
To the difference of the Verſed fines of the Semidiurnals arke, 
and of the houreſought, 
In the Triangle B H In kys, 
As the Cofine of the Latitude the fine of the angle at I. 
To its oppoſice fide B H the (ine of the altitude, 
So is the Radius or the angleat H, 
To BI h difterence of the Verſedfine of the Semidiurnal arke , 
and of the houre ſought , in the parallel of declination and by 
conſequence , ſo is the ſecant of the Declination , to the ſaid 
difference in the Common Radius as we have elſe where noted , 
ifthis. diflerence._ be ſubtrated from the Verſed (ine of the ſemi- 
diurnal arke there will remaine E B the verſed fine of the houre 
fromenoon ,. the like holds , if perpendiculars be let fall from any 
other parallel of Declination,from the ſame Scheme ic alſo fol-: 
lowes, 
As the Coline of the Latitude, 
Is to the ſecant of the Declination. 
So.is the fine of the Meridian Altitude. 
Fo the verſed fine of the ſemidiurnal] arke 
Here obſerve the like Proportion between the two latter terms , as 
herween the two-former which may be of uſe on a SeRtor, 


I's 


Generall Proportions, 27 
Ifthe Scheme be conſidered not as fitted to a peculiar. que- 
Rion: for hading the houre , but as having three fades to God an 
angie it wi'l be found: upan- fixch a conſideration 'in relation to 
the change of (ides, that the Proportion for the Azimuth follow- 
1ng is no other then the ſame Proportion applyed , to other ſides 
oft the Triangle, and ſo we need haye no other trouble to come by 
a Proportion for the Azimurh,. bur ic alſo followes from the ſame 
Scheme, 

In the Triangles CD AandCKG , andC ZN the firſt ope- 
ration will be ta find AD, and G K, andN & in all which 
the Proportion will hold. , þ 4 

As the Radius to the Tangent of the Latitude... 

Oc as the Corangenc of the Latitude to Radius, 

So is the Tangent of the Alkitude, to the ſaid reſpeRive quan=- 
titics-, which when-the Alkitude is. lefſe then the Complement 
of the Latitude , are the. hns of the Suns. Azimuth from the Ver- 
tical belonging to the propoſed Altitudes when the Sun is-in the 
EquinoRtial , or hath no declination, 


The next proportion will be. 


As the Cofine of the Latitude, Is to the Secant of the Altitude. 

$o is the Sine of the declination, 

To the difference tought being a 4 Proportional, 

Hereby we may find A B in the Winter Triangle A G B which: 
addedro AD, the ſumme is the fine of the Azimuth from the 
Vertical conſequently W B, is the Verſed fine of the Azimuth , 
from the noon Meridian. 

Alſo we find G L in the Summer triangie LM G, when the 
Alricade is lefle then the Complement of the Latitude , which 
added to S G the fumme $ L is the Veried fine. of the Azimuth 
from the South. 

Likewiſe we may find NRintheT riangk RON, and by 
fubrraRting it fromN Z , there will remaine R,Z , and conſe=- 

ently Q.R the verſed fine of the Azimuth from the Meridian ip 
> mn þ when the Alcitude-1s greater then the-Co-latitude, 

And for Stars-that come tothe Meridian berween the Zenith ,- 
and. the Ekyated Pole ,. we may find Ne ,. inthe Triangle Nc 
D3 : where. 


3®F Theuſcs of the Nonyet, and Azimuth Scale. 
whete it holds , as the fine ofthe Angle at N , thecomplemenc 
of the Latitude , to ics oppoſite ales © d , the: pricke line ,; the 
fine of the Declirarion: to is the Radius ro Nc}. the parallel 
of altitnde the Axinauth ſought, D 

The htter Proportion lyes ſo evwdent , it need not be ſpoken 
to , if what was faid before for the houre Le regarded , and the 
former Proportion lyes. 

As the Cofine of the Latitude , the fine of the Angle at A, 

To its Oppoſite (ide D Cthe fine of the alcicude. 

Sd is the fine of the Latitude , the ungle ar C, 

To its oppoſite ſide A D in the parallel of alritude. 

And in [tcad of the Coline, and fine of the Laticude. 

We may take the Radius, and the Tangent of the Laticude, 


eMnother Analogy will be required to redece it ts the 


As the Cofine of the Altitude ro Radius, 

So the fourth before found in a parallel, 

To the live quamtity'to the Common Radius, 

Theſe Analogies or Proportions being reduced into one , by 
-walriply ing the rermes of each Proportion, and then freed from 
needletle affeRtion will produce the Preportion at fiſt deli. 


yered. 
The Uſes of the ſaid Scale. 


W E have before noted, that if rwo termes of a Proportion 
be fixed, and natural] lines thereto fitted of an equal length, 
that if any third term be ſought in the: former line, the fourth 
term will be found in the orher line by inſpeRtion,, as Randing 
againſt the third. 
$0 here, in this Seale which conſiſts of two lines, the one,an 
annexed Tangent, the other a line of Sines continued both wayes, 
the Radius of the Sines being firſt fitted, rhe Tangent annexed 
mult be of ſuch-a Radius, -as that 38 deg. -28/, of it.may be 
'ctquall inlength/to the Radius of the Sine to which it is adjoyned, 


and 


ens rw, : 39 
anditben looking for the Declination in the. Fa) ylt again 
it lands che tame of abate rn 
Semidinrnal arke , if the fame be accounted from the other end 
as a Verſcd Sine, 

So if the Suns Altitude be given. , 2nd accounted in the Tan- 
gent , jult againſt jr tands the Suns Azimuth, whenhe is in the 
EquinoQuab wpon the hike alritude,, and thusche point Nt will be 
jouad in the Tangent at che altitude z whon ic 45 moxethen the 


1 An Example for Suding the time of the Sun rifeng, 


If che Dockination be 13 deg, lookp for it in the annexed Taur 
gent , and juſt againlt ir in» the houre Scale lands 16 deg, 5 3' 
the aſcentianel deffcrence-in time 2 houre 7 +min, ſhewing that 
the Sun rifeth ſo much before , and fetteth ſo much after 6 1n 
Summer , and in Winter riferh fo mach aker , and ſereerh before 
6, for thwarke may be found on <ither fide of fix where the de 
dinationbegins cach way, | 


2 To find the time of the day+ 


Toperformthis Propofition wee divide the other Proportion: 
2000 3W0,by introducing the Radius in the Middle. | 

Agthe Radius is-to the'Secany of theDeelination... 

Soesthechne o{qhe altitude +04 fourch. 


eAgain, 

As the Cofine af he LavinuderoRadius, 

— the _ before found, 
Jo the drfierence ofthe Verſed Sines 0 azke,. 
ade hen fours e> Sines of the Semidiurualarke, 

The former of thefeProportions muſt be wrought upon the qua=-- 
drant , the latter isremoved by ficting the Radius of the Sines that. 
gives the anſwer, equal in length to the Coline of the latitude, 

Wherefore to find the.ctime of the Gay ».lay.che thecad ro che 
Secant.of the-deehnation 1n che limoe » aud from the Gne of che- 
akicude take the nearelt diſtancero it, and becauſe the Secanc 13. 
made. 


30 The nſes of the Houre , and Azimuth Scale, 
made, but to halfe che Common Radius, ſer dowre one foot of 
this exrent at the Declinarion in the :annexed Tangent, and enter 
the ſaid extent twice forward , and it will ſhew the time of the 
Day, 

F Example. 


Let the Declination be ſuppoſed 23 dcg» 31 North , and the 
Alticude 38 deg. 59' the nearelt diltance trom the Sine thereof , 
to the thread laid over the Secant of 3g deg. 31* will reach being 
turned ewice over from3Þd. 31' inthe annexed Tangent neerelt 
the Cemcer to 33 deg. .45' in the Sines, a/54s to 56d, 157 counted 
as 2 Yerſed Sine ſhewing the time of the day to be a quarter palt 8 
in the morning , or three quarters paſt three an the atcernoon, 


3 To find the Snuns Altitude on all honres, 


Take the diſtance between the houre and the Declination in 
the fitted Scale, and enter it downe, the line of Sines from the 
Center, then laying the thread over the Cofine of the Declination 
in the Limbe , the neareſt diſtance to it ſhall be the fine of the 


Altitude ſought. 
Example, 


Thus whee the Sun hath 1 3 deg, of South Declination, counc 
it in that part ofthe annexed Tangent neareſt the Limbe,if then ir 
were required to find the Suns Altit, for the houres of 10 or » by 
the former Preſcriptions the Altitude would be found 10 d. 25 


4 To find the Suns eAmplitnde- 
Take the Sine of the Declination from the line of the Sines, 


and apply it to the firred Scale where the annexed Tangent begins, 
and exther way it will reach to the Sine of the Amplitude, 


Example, 


$o when the Sun hath 25 deg: of Declination kis Amplitude 
will be found to be 24 deg, 35", by 


5 To 


The uſe of the houre, and «Azimuth Scate Jt 
5 To findthe Azimnth or true Coaſt of the Sun, 


| Here we likewjſe introduce the. Radius in the Jatter Proper 
£10n, 

x In Winter lay the thread tothe Secant of the Altitude in 
the Limbe , and from the fine of the Declination, take the nea-+ 
xeft diſtance to 1c, the ſaid. exteng enter twice forward from the 
Altirwde in the annexed Tangent, and it will reach to the Ver- 
{ed Sine of che Azimuth fromthe South, - 


—-— 


Example, 


So when the Sun hath 15 deg. of South Declination, if his 
Altitude be 15 deg. the ncareft diltance from the fine thereof to 
the thread laid over the Secant of 15 degrees , ſhall reach in the 
firted Scale from the annexed Tangent of 15 deg, being twice re= 
peated forward to the Verſed fine of 39 deg. 50' tor wy, ak Azi- 
murh from the South, 


2 In Summer when the Altitude 1g lefſe then 40 deg, enter the 
former extent trom' the fine of the Declination to the thread laid 
over the Secant of the Altitude twice backward from the Altitude 


in the annexed Tangent, and it will reach to the Verſed fine of 
the Azimuth:from the South. 


Example, 


So if the Sun haye 15 deg, of North Declination, and his Al- 
titude be 30 deg. the dreferibed extent doubled ſhall reach from 
the annexed Tangent of 36 deg. to the Verſed fine of 75 deg. 44* + 
for the Suns Azimuth from the South. : 


3 In Summer when the Alcicade is more then 40 deg. and 1e(fe - 
then 60 deg, apply the extent from the (ine of the Declinarion 
to the thread, Jaid over the Secant ofthe Altitude , once to the 
Diſcontinued Tangent placed a Crofſethe quadrant fromthe Al 
titude backwards minding how farre it reaches , jult —_—_— 

E (tke 


32 Of ther particular Scales, 
like arke in the annexed Tangent ſtands the Verſed fine of the: 
Azimuth from the South, 


4 When the Altitude is more then 60 deg-this firced Seake 
is of worlt performance, liowever the defeS&t of the Secanr might 
be ſupplyed by Varying the-Proportion.. 


6 To find the Suns «Altitude ow all. Azimuths. 


Ut agzinſt the Azimuth propoſed' ſtands the Suns altitude 

in the Equator ſuitable thereto,, which was the firſt Arke 
round by Calculation when we treated of this ſubjet, and the 
ſecond arke.is to be found by a Propertion. in fines wrought upon 
the quadrant. 

This- quadrant 15 alſo particularly fitred for giving the houre, 
and Azimuth in the equal limbe, 

The fine of godeg, made equal. to the (ine if 51 deg, 32! gives 
the alcitude of the Sun or Stars-ar fixy for if the thread be laid oyer 
the Declination counted in the ſaid fine , it ſhewes the Altitude 
ſought in the limbe, ſo when the San hath 13 deg..of Declina- 
tion his-Alcitude or Depreflion at 6 is10 deg. g”.. 

Ic allo gives the Vertical Altitude if che Declination be 
counted in the limbe , ſecke what arke it cuts in-that particular 
fme, when the Sun hath 1 deg, of Declination, his Vertical: 
Alcirude or Depreſſion is16 deg..42". 


To find the boure- of the Day.. 


H Aring found the Altitude:ef the. Sun or Starsarfix ,. rake the: 

diftance berween rhe {ine thereof in the line of Sines., and: 
the Alcicude given , and entring-one foot of that exzeut. at the De- 
elination. in the Scale of entrance laying the thread to the other 
_ _—__ ncareft diltance ,. iz will {ſbewrhe. howe from (ix: 
zn the % 


Example. 
When che: Sur: hath »3 deg,. of Declination liis Altitude 


ag 


The other particular $ egles. TY 


refſion at fix will be 10 deg«. 94 if the Declination be Narth , 
and the Altitude of the Sun be 24 deg, 5* the time of the day will 
be halfe an houre paſt 7 in the morning , or as much paſt 4 in the 
afternoon, 

In winter when the Sun hath South Declination ag alſo for ſuch 
Stars as have South Declination, the ſine of their Alcicude muſt 
be added to the fine of their Depreſſion at fix , and that whole ex- 
rent entred as before, 

When the Sun hath the ſame South Declination , if bis Alti- 
tude be 11 deg. 7 the time of the day will be half an houre paſt 8 
in the morning , or 3o min. paſt 3 in the afternoon, 


To find the «Azimuth of the Sun or Stars. 


Ay the thread over their Alcitude inthe particular (ine fitted 
my to the Latitude, and in the equal Limbe it ſhewesa fourth 

ke. 

When the Declinatien is North, take the diſtance in the line 
of Sines berween that fourth Arke and the Declination , and enter 
one foot of that extent at the Altitude in the Scale of entrance , 
laying the thread to the other foot, and in the equal Limbe ic 
ſhewes the Azimuth from the Eaft or Weſt, 


Example. 


When the Alticude is 44 deg. 39'the Arch found in the <qual 
Limbe will be z ; deg- 20'chen if the Declination be 23 deg Fþ F 
North, the diftance in the line of fines between it and the ſaid 
Arke being entred at 44 deg. 39" in the Scale of entrance the 
thread being laid to the other foot will ſhew the Azimuth to be 
20 deg. from the Eaſt or Weſt, 

But ifthe Declination be South, adde with your Compaſſes the 
fine thereof to the fine of the fourth Arke , and enter that whole 
— as before,and the thread will ſhew the Azimuth in the equal 


34 Of «ther'y artienlay $tales.. 

| Example, When the Altitudes-'12 d, 13 the fourth Afch will 
be found tobe 9 degrees 32'mimuces, then admat the Declination 
co'be 13 degrees South , whereto adding the Sine of | the fourth 
Arke , the whole will be equall to the (ine of 22 deg. 41 minutes,. 
and this whole extent being entredat 12 deg, 13 in the Scale of 
entrance lay the thread- to the other foot according to neareſt di= 
ſtance, and it will .interſe&the equal. Limbe at 40 deg, and ſo 
much is the Suns Azimuth from the Eaſt or Welt, 

Becauſe the Scale of entrance could no:- be continned by rea- 
ſon of the ProjzRion, the reſidue of itis put on an little Line: 
neare the Amanack. the uſe whereof 1s. to lay the thread to the. 
Alcitude init when the Azimuth is ſought, and in the Limbe it 
ſkewes at w-hat Arke of the Sinesthe point of entrance will happen 
which may likewiſe be found by pricking downe the Co-altitude 
on the line of Sinesout of the fitced houre Scale on the right edge, 

How to find the houre and Azimath- generally 3n-the equal limb 
either with or withoutTangents or Secants hath been alſo ſhewed, 
and how: that thoſe two points for any .Latitude might be there 
prickt and mightFe:aken off, either from che Limbe , or froma 
line of Sines ,. or beſt of all by. Tables, for halfe the natural Tan- 
gent ofthe Laticude of Loxdoy, is equalto the (ine-of 39 deg, 
And halfthe S:cant thereof equal to the line of 53d, 30 
Again(t which Arkes of the Limbe the Tangent and Secant of the 
Latitude are graduated , but of thisenough hath been ſaid in the 
Deſcription ot the ſmall quadrant. 

Of the Dnadrat and Shadowes. - 
T {i uſe thereof is the lame as in the ſmall quadrant onely if the 
thread hang over any degree ofthe Limb leſſe thenq5d-to take 
out the Tangent thereof out of the quadrat count the Arch from 
the right edge of che quadrant towards the left , and lay the thread 
over 1t, the pricks are repeated.in the Limbe to taye this trouble for 
thoſe eminenr.parts.. | 
Of the equal Limbe, 
WE have before ſhewed that a Sine, Tangent and Secantmay be 
* raken oft from it, and that having a Sine or Secant with the 
Radius thereof the correſpondent Anke therero might be found, , 
&rhat a Chord might be taken oft from Concentrick Circles or by 
helpe of a Bead,: bur if both be wantivg enter the —— or 
Us » 
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Radius whereto you would take out a Chord twice downe the 
right edge from the Center, and laying the thread oyer halfe the 
and laying the thread over halfe the Arch propoſed, take the 
neareſt diltance.co, and thus may a chordbe raken out to any 
number of degrees lefle then a Semicircle, 

It bath been afferted alſo that the houre and Azimuth might be 
found generally without ProtraRionby the ſole helpe of the Limb 
with Compaſles and a thread, 

Example for finding the houre. 

T He firſt work will be to find the point of entrance take out the 

Cofine of the Latitude by taking the neareR diſtance to the 
thread laid over the ſaid Arke trom the concurrence of the Limbe 
with the right edge, and enter it down the right edge line and take 
the neareſt diſtance to the thread laid oyer the ccmplement of the 
Declination counted from the right edge , this extent emred down 
the right edge finds the point of entrance, let it be noted with a 
mark. Next to find the fine point take out the fine of the Declin. - 
& enter it dowh the right edge , & from the point of termination , 
take the neareſt diſtance to the thread laid over the ark of the Latir, - 
counted from the right edge,this extent enter fromthe Center and 
it finds the fine pornt; leticbe noted with a marke, 

Thirdly;take out the fine of the Altitude & in Winter add it in 
lenght to che ſine poifit,in Summer enter it from the Center & take 
the diſtance berween it & the (ine point which extent entred upon 
the point of entrance , if the thread be laid to the other toor ſhewes 
the the houre from 6 1n the equal limb. before oratter it,as the Sine 
of che Alcicude fell ſhort or beyond the ſine point, 

Example, In the latitude of 3g d, the San having 23 d, 31” of 
North Declination, and Altitude 5 1 deg. 32' the houre will be 
found to be 3 3 deg. 45 ' from fix towards n00n, 

Note the point of entrance and {ine point Vary not, till the 
Declination Vary. 

After the ſame manner may the Azimuth be found in the limb, . 
by proportions delivered in the other great quadrant. Alfo both or 
any angle when three (ides are given may be found by the halt ge= 
neralPoportion in the ſmall quadrant which-finds the halfe V ered 
fine of the Airke fought,which would be too tedious to infit upor- 
&axe more proper to be a" with a line of Chords... _ 

& 3 2 Y 


36 General Proportion; applyel. 
To find the eAzimmnth univerſally. 


'T He Proportion uſed on the ſmal quadrant for findiog it in the 
equal l1mbe ( wherein the firſt Operation for the Vertical 
Altitude was fixed for one day , ) by reaſon of its Excurſions will 
net ſerye on a Quadrant , for the Sun or Stars when they come to 
the Meridian between the Zenith and the elevated Pole, but the 
Proportion there uſed for finding the houre applyed ta other (des 
will, ſerye for the Azimuth Univerſally , and that is 

As the Radius, 1s to thefine of the Lacitude , 

So is the Line of the Altitude, 

To a fourth ſine. 

Mg ain. 


Asthe Cofine of the Alriude, 
Is the Secant of the Latitude, 
Or, 


As the Cofine of the Laricude , 

Is the Secant of the Altitude, 

So In Declinations towards the Elevated Pole is the difference, 
but towards the Deprefled Pole the ſumme of the fourth fine, and 
ef the fine fine of the Declination, 

To the fine of the Azimuth from the Vertical. 

In Declinations towards the Deprefied Pole , the Azimuth is 
alwayes obtuſe, towards the elevated Pole if the Declination be 
more then the fourth Arch it is acute ,, iflefle obtuſe, 


Example fer the Latitude of the Barbados 1 7 deg. 


Altitude 27 deg, 27”, 

Declination 20 deg. North, | 
- Lay the thread to 27 deg. 27' in the Limbe, and fromthe ſine 
of 13 deg. tahe neareſt diltance to it which enter on the line of 
Sines from rhe Center, and take the diſtance between the limi- 
ted point, and the fine of 20 deg, the Declination, this latter 
extent enter twice done the line of the Sines fromthe Center, 
and 


General Phropertions 37 
and take the neareſt diſtance to the thread laid over the Secant of 
27 deg. 27” this extent enter at the fine of 77 deg, the Comple- 
ment of the Latitnde, and laying the thread to the other foot it 
will lye over 16 deg..inthe equal Limbe , the Suns Azimuthts 
the Northwards of the Ealt or Welt. 


Otherwaies, 


Anothier Example for the ſame Latitnde and Declination , the 
Alticude deing 52 deg. 27” hy che thread to it in the Limbe, and 
take the nearett diſtance tom from the fine of 1 3 deg, asbefore, 
and enter it downe the Jine of fines from the Center, and from 
go point of the Jimitation take the diflance to the ſine of 20 deg. 

Suns Declination , this latter extent enter once downe the 
ine of fines from the Center ,. and take the neareſt diftance to the 
Fhread laid over the Secant of the Altirude 52 deg, 27' then lay 
the thread to 77 deg.the Complement of the Latirude in the leſſer 
fines, and enter che former exrentberween the Scale and the thread,, 
and the foor of the Compaſſes fhewerh 16 deg, as before , for the 
Suns Azimuth to the Northward of the Vertical , that the Sun 
may have the ſame Azimuth, upen two ſeveral Akitudes hath been 

ken to before , and how to do this without Secants hath been 
ewne. 


Tw e fides with the eAngle comprehended to find 
the third- ſide. 


D Ivers wayes-have been ſhewed for doing of this before , I 
ſhall adde one more requiring 10 Verſed fines nor Tangents; 
1 If hotbthe:i(ides be lefſer then quadrants, and the Angle at: 


liberty. 


Or, 
2 If one of the fides be greater then a quadrant, andthe Angle 
included acute , it will hold. : 
As: the Radius , To the Coline of one of the incluging: 


fines. 
So is the:Cafme-of the ocher, To a fourth fine, 


Again: 
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eAgain, 


As the Coſecant of one of the including Sides 

V is the Sine of the other, 

So is the Coſine of the angle included, 

To a ſeventh Sine. 

The difference between the fourth and the ſeyenth Sine, is the 
.Cofine of the Side ſought. 

1 Inthe firlt caſe if the angle given be obtuſe , and the ſeyenth 
Sine greater then the fourth Sine, the Side ſought is greater then a 
quadrant in other caſes leſle, 

If in the ſecond caſe the ſeventh Sine be lelle then the fourth, 
the fide ſought is greater then a quadrant in other caſcs leſſe, 

In this {econd caſe when one of the includers 1s greater then a 
quadrant , and the angle obtuſe reſolye the oppoſite Triangle by 
the former Rules, or the ſumme of the fourth and ſeyenth Sine 
ſhall be the Coſine of the fide ſought in this caſe greater thena 
quadrant, We have before noted that the Coline of an Arke 
greater then a quadrant is the, Sine of that Arkes exceſle aboye go 
dep. this no other then the converſe of the Proportion for the 
houre demonſtrated from the Analemma , in the Triangle 
OZP, 


Let there be given the 
Sides OP 113 deg, 31' 
the (fide Z P 38 deg. 28' 
and the angle compre- 
hended Z P ©75 tofind 
the Side O Z, 


Operation. 
Lay the thread to 52 deg.32” in the Liumbe,and fromr 3deg. 31 
in 


ww 
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a 
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in the Sines take the neareft diſtance to ir which meaſured from 
the Center will.reach to the fine of 18 des, 12 minutes the fourth 
Sine, 

Again, laying we thread to 23 deg. 31'inthe Limbe, from 
the Sine of 15 deg, take the nearelt diltance toir ,.then lay the 
thread to the Sccant of 51 deg, 32' and enter the ſaid extent be- 
eween the Scale and the thread, the diſtance between the 
reſting foor ,. and the .Sine of 18 deg; 12 minutes before found 
meaſured from the Center is equal co the Sine of 9 deg, 32* being: 
the Coſine of -the fide ſought which in this- inſtance becauſe the 
ſeyenth Sine iseſle then the fourth fine is greater then a quadrant, 
and conſequently mult have go deg. added thereto, therefore the 
ſide O Z isg9 deg. 28 minures if the queſtion had been put in 
this Latitude what depreſſion the Sun ſhould have had under the 
Horizon at the houres of 5 or 7 in the Winter Tropick it would 
have been found g deg. 28” and this is ſuch a Triangle as hath bur 
one obtuſe Angie yet ewo fides greater then quadrants, and how 
to ſhunne: a Secant, and a parallel entrance hath been ſhewed 
el{-where. 

Of the Stars on the Projelition , and in other places 
of the fore-ſide of the quadrant, 

Lg Uch only are placed on the Projetion as fall between the Tro- 

picks being put an according to their true Declinations, and 
in that reſpe&t might have ([tood any where in the parallel of De- 
clination, but in regard we ſhall alſo find the time of the night by 
them with Compaſles,they are allo yut on in a certain Angle from 
the right edge of the quadrant, to find the quantity of the Angle 
for $:a1s of Northerly declination , get the difference of the Sines 
of the Stars Altitude fix houres from the Meridian , and ot its 

Meridian Altitude , and find to the Sine of what. Arch the faid 

difference is equal, againlt that. Arch in the Limbe , let the Star 

be graduated 1n its. proper declination , but for Stars of Soutt.- 
wardly Declination, get the ſumme of the Sines of their De- 

reffion at fix and of thur Meridian Altitude, and find what Arke 
uthe Sines correſponds thereto as before, 

We have put on no Stars of Southwardly Declination that will 
fall beyond the Winter Tropick , but ſome of Northerly Declina- 
cion- falling withour the Sumrp?r Tropick, ar* put on that are 

F. placed 


To find the Stare howre, 


£ ed without the ProjeRion towards the Limbe. . 

' All theſe Stars muſt be graduated againlt the line of Sines at 
their reſpe&ive Altitudes or Depreſſions at the Stars houre of Six 
from the Meridian , and muſt have the famedetrer {ct tochem in 
both plages , as alſo upon the quadrant of 1a houres of Aſcention 
on the Back-hde where they are put on according to their true 
Aſcenſion with their Declinations and Afcenfional differences 
eraved againſt chem with the former Lerter , and {uch of themas 
have more then 1 2 houres of right Aſcenſion have the Character 
plus + affixed, denoting that if there be 12 houres of Aſcenfion 

added to that Aſcenſion they Rand againſt, the ſumme is their 
whole true right Aſcenſion, 


To find the quantity of « Stars honre from the Meridian 
by the Projettion, 


FEr the Bead upon the Index of Altitude to the Stars obſerved 

Altitude , and bring it to the parallel of Declination the Scar 
isgraved in, {o will it ſhew among the houre lines, that Stars 
houre from the Meridian , and the thread in the Limbe will ſhew 
the Stars Azimuth, 


Example. 


Admit the Altitude of Arttwym be 52 deg. the houre of that 
Star from midnight;if the Alticude increaſe will be 7 paſt 10fere, 
and the Azimuth of that Star will be 47 deg. 43” to the Ealtwards 
of the South. 

The hoyre and Azimuth of any Star within the Tropicks, may 
be alſo found by the fired Scale on the right edge of the quadrant, 
or by the Curve, after the ſame manner as for the Sun, uſing the 
Stars Declination as was done for the Suns, or in the equall limb 
as we ſhewed for the Sun , which may well ſerve for moſt of the 

_ = = qe p 
erwiſe with Compaſles according to the late ſuooeſted 
placing of them, e ww get 


To 


To find the Stars boure?. 47 


To final dhe honre of any Star from the Meridian that hath 
4 North Declingtion, 


T Ake the diſtance between the Star point in the line of Sines , 
and its obſerved Akirnde, and laying the zhread over the Star 
where it is grayed on or below the ProjeRtion, enter the former - 
excent ——— berween the thread and che Scale , and ie ſhewes 
the Stars. houre from.(ix in the fines towards neone , ifthe Al. 
tarnde fell beyond the Scar point 4 otherwife cowards midnight 


Example, 


For the Goat Star let its Altitude be 4o deg. and palt theMe-- 
ridian , the howre of thas Star willde 44 from tix , for the Com- 
paſſes fall upon the fine of 11 deg, 4” the houre is towards noon 
Meritian , becaute the Alnude 13 greater then 34. degethe porn 
where the Star 8 graved', rare, Es the Sear interſeRs, 
the Limbe at n5 dog, 47 rhe diftance derween the Star, and ics 
Akicade be enwed at the fine of that Arke , and the thread laid vo 
the ether foot, rhe houre will! be found in the. equal Liabe 
the ſame us before, 


For Stays of Sunedowardly Declination. 


BR Eco: the Scar pomt cannot fall che. other way bryoad the 

Cener of the ram, theeefore the diftznvee berween the Srar 

point , and the Center muſt be increafing by add my the tine of the 

Stars Alcitude there:o, which will fall more eurwards rowards+ 
the Limbe , and then that wie exeen: is to be entred-as before. 


Fee ome 


The Virgins Spike hath g deg 19' of Sourk Declination the 
Depreſſion of that Star at fix will be found by help of the particu- 
lar fine to be 7 deg, 19%and at that Arke in- the fines the Star is+ 
graved, if the Alcirude of that Star were 20 degs the fine thereof * 
added-ro the Star will be equal to the (ine of 29 deg, 6” this whole - 

E.- 2: exten. 1 


42 Of the quatrant of eA ſcenſions. 

extent entred at the fine of 37 deg, 52* the Arke of the Limbe 
aoainſt which the-Star is graved y and the thread.Jaid to the other 
foor , the houre of that Soar if the: Alricude increaſe will be 19/ 
palt g. 


To' find the true tine. of the right. 


T His mult bedone by turning the Stars houre-into the ms 
houre or common time, either by the Pen as hath been 
ſhewed before, which may be allo conveniently performed by 
the back of this quadrant , for the thread lying over the day of the 
moneth ſheweth the Complement of the Suns Aſcenſion in the 
Limbe, 


' Or with Compaſſes on the ſnid quadrant of Aſcenſions, 


=" He thread lying over the day of the moneth , take the di- 

- ſtance between and the Star on the ſaid quadrant, the ſaid 

extent. being applyed, the ſame way as it was taken the Suns foot 

to the Stars houre ſhall reach from the Stars houre ce the true 
/houre of the night , and if one of the feer oft the Compaſles fall 
oft the quadrantza double remedy 1s cl{-where oekribed, 


Example. 


'If on the r2th of - Jaxnary the houre of the Goat Star was 
16” paſt 5 from the Meridian , the true time ſought would be 
49 paſt. 2 inthe morning. 


Example. 
It upon the third of Janwary, the houre of the Virgins Spike , 


were obſeryed to be 19* paſt 9g, the true time ſought would be 
45 palt 2 in the morning, 


"Of the quadrant eAſcri/ion, 43 
To find the time of a"Stars riſing and ſetting. | 


He Aſcentional difference is graved againſt the Star,the Vir- 

gins Spike hath 48 of Atcentional difterence, that is toſay, 
that Stars houre of riſing is at 48' pat 6, and ſerring at 12/ palt 5, 
And the true time of that Stars rifing upon the third of Fannary, 
will be at 22* pat ro ar night, and of its ſetting at'47/ paſt 8 in 
the morninggtound by the former dueCtions, 


Of the reſt of the lines on the backof this quadrant. 


_— Hey are either ſuch as relate ro the motion of the Sun cr Stars, 
-» or to Dialling, or ſuch as are derived from Mr Gwnters 
Sector, 

The Tangent of 5 1 deg. 3% purthroughthe whole Limbe is 
peculiarly fatred to the Latitude of Lowdes , and will ſerve to find 
che time when the Sun will be Eaſt or Welt, asallo for any of 
the Stars that haye lefle Dechuation then the place hath Latirude, 

Lay the thread to the Declination counted 1n the ſaid Tangenty 
and in the-Limbe ut ſhewes the houre from 6 if reckoned from che 
ight edge. 

Example. 


When the Sun hath 15 deg. of North Declination the time 
- of his being Eaſt or -Weft will be 12 deg. 27 in time about 49 
before or after fix, fere- 

The Suns place is given in'the Ecliptick lipe by laying the 
thread over the day of the moneth in the quadrant of Aſcenfions,of 
\which ſce page 16 & 17 of the ſmall quadrant, 


Of the lines relating to Dialling« 


Sg Uch are the-Line of Laticudes, and Scale ofhoures , of which 
before , and the line Sol in the Limbe, of which I ſhall ſay 
nothing at preſent » it s onely placed there - in readinefle to take 
sf any Arke from it, according to the accuſtomed manner of ta- 
king off lines from the Limbe to any aſſigned Raduus, 


The 


The requiſite Arkes of an upright Declner mill 
te given by the particular knes onthe YQug- 
drant for the Latitude mithout the trouble of 
Proportional worke. wy: 

1 The ſubſtiles diſtance from th | 3" ny | 


- Ccountthe Plaines declination as a fine In the fitted hour Scale 
oa the right edge of the fore-fide , and jult agaiult it inthe 
annexed Tangent , ttands the fubltiles diſtance from. the meri- 
dian, 
If an upright Plaine decline 3o deg the ſubltiles.diftance will 
be 243 deg. 41 minutes. 


2: The Stiles htight; 


Count the Complement of the Plaines. Declicacion in the aid 
firted houre ſcale as a fine and apply it with Compaſſes te the hae 
of fines iſſuing from the Cencery for the former Plaine the ſtiles 
height will be found 32 deg, 37+. 


3: The inclination of Muwidiane: 


Aetount the tilts height in the annexed tangent of the fitted 
hour Seale, and. jult againſt is in the fine Hands the Complement 
gfthe Inclination of meridiansawhichifor the former plaine will be 
touud to be 36 deg; 25" 


4. The eAWh of 12 and 6, 


— Account che Plaines-Declindtion in the Limbe on the Back- 
Ge from the.right edge, and hy the thread over it, and inthe 
particular Tangent it ſhewes the Aggle berween the Horizon aud 
fix 3 2 deg, 9. in this Example the Complement. whereof is the 

&ngle of 12 and 6, namely 55: deg, 51 min, 
| Alte 


Of Lines reloting te Dialling. 45 

Alſo the requifite Arkes af a dhreft Eaſt or 
Weſt, rechning or inclming Dial may be 
found after the ſame manner for this Latit. 

1 The ſubftiter diſtance, 


A Ccount the Plaines *clination in the Limbe on-the Back- 

fide fromthe left edge, and in there lay the thread, and in the 
particular Tangent it ſhewes the Arke ſought. 

So if an Ealt'or Welt plain recline or incline 6 deg, the ſub- 
ſiles diſtance will be found to be 32 deg, 1 27, 


2 The ſtiles height, 


Account the *<lination in the ger Sine on the foreſide 
and in the Limbe it ſhewes the (les height, which for the former 
Example will be found to be 42 deg. 41. 


3 The inclination of CMeridians. 


The Proportion is, As the Sine of the Latitude,to Radius, 

So is the (ine of the ſubſtiles diſtance, 

To the fine of the inclination of Meridians, when the ſubſttles 
diſtance 1s lefſe then the Latitude ot the place it may be found in 
the particular fine on the forefide,by the interſeRion of the thread, 
and for this Example will be 42 deg. 53', 


4 The «Angle of 12 and 6. 


Account the Complement of the Eclination in the peculiar hour 
Scale as a fine, and jult againſt irinthe annexed Tangent ſtands 
the Complement of the Angle ſought, in this Example the Angle 
of 12 and 6 is 68 deg. 20'. 

In other Latitndes the Operations mult be performed by Pro- 
portional worke with the Compaſles, 


.Of 


46: The Line of ſuper ficies, 
Of the Lines derived ſrom Mr. Gunters Sector: . 
Sach are the Lines of ſuperficies Solids, &c. 


Of the Line of Super ficies or Squares, 


He chiefe uſes of this Line joyntly with the Line of Lines 1n the - 
"Lime , is when a {quare-number is given to find the Root 
thereof, or a Root given to find the ſquare numver thereto , theſe 
Lines placed on a quadrant will perform-this {ſome what better 
then a Seor , . becauſe ir 1s given by the Interſeion of che thread 
without Compaſles , the properties of the quadrant caſting theſe 
lines large:where on a Sedhor they would be narrow, 


To find the ſquare Rot of a number. 


The Rot being giver to find the Square Number of 
that Root, 


[JN extraRting the ſquare Root prics muſt be ſet und2r the firft 

third, fift, and ſeventh figure, and ſo forward and as many 
pricks as fall to be under the ſquare number given , ſo many figures 
ſhall be in the Root, and accordingly the line of lines, and fu- 
perficies muſt vary in the.number they repreſent, I am very un- 
willing to ſpend any time about theſe. kind of Lines, as being of 
ſmall pzi formance, and by my ſelf and almo(t by all men account- 
ed meere toyes. 

If a number be giyen in the ſuperficies, the thread in the lines 
ſheweth the Root of it, and the contrary , if a number be given 
inthe lines the thread laid over it interſetsthe Square thereof, 

The performance thereof by theſe lines is ſo deficient that I ſhall 
ave no Example of it. 

When a number is given to findthe ſquare thereof , if not to 
large the Reader may corre the laſt figure of it by multiplying, 
itan his memory. 


Of the Line of ſuper ficies. 47 


T « three number: given to find « fourth in 4 Duplicared 
Proportion, 


That is to worke a Proportion between Numbers and Squares; 
Example, 


If the Diameter of a Circle whoſe «Ares is 154 be 14 , what 
ſhall the Diameter of that Circle be whoſe eAres 18 616, 


Example, 


Lay the thread over 6 116 in the ſuperficies , and from 14 in the 
equal parts, take the neareti diſtance to it, then lay the thread 
to 154 in the {uperficies, and enter the former extent berween the 
thread and the Scale , and the foot of the Compaſlcs will reſt upon 
28 the diameter ſought, 


To find a Proportion between two or mart like ſuper ficies. 


A Dmit there be two Circles, and I would know what Pco- 
portion their eAreas bear to cach other , inthis caſe the pro» 
' per uſe of a Line of ſyperficies would be to haye it. ona ruler , 
and co meaſure the lengths of their hike fides, for Circles the 
lengths of their Diamecers upon it, and then 1 fay , the numbers 
found on the ſuperficies beare ſuch Proportion cach to other as the 
Areas or ſuperficial tantencs , and for ſmall quantities may be 
done on the quadrant by entring downe the larger extent of che 
Compaſſes on the Line of Lines from the Center , and migd the 
point of limitation, enter then the other extent on the point of li- 
mitation , and Jay the thread to the other foot, find what num* 
ber it cuts in the (uperficies,and the greater ſhall beare ſuch Proe 
portion to the lefſer as 100, Kc, the length ofthe whole line doth 
to the parts cut. 

The Proportion that two ſuperficies beare each to other is the 
ſame that the ſquares of their like fides, and therefore their fides 
may be meafured either in foot or inch meaſure , and then the 
Squares taken out 25 before ſhewed, 

| G The 


43; Of the Line of Swper ficier, 


The line of ſuper ficies ſerves for the reducing of Plats 
to Any properiion, 


A Pai a Plor of a piece of ground being caſt up containes- 
A. 264 Acres, and it were required to draw another Plot which 
being caft up by the fame Scale ſhould containe bur a quarter ſo 
wo and let one fide of the faid Plot be 60 inches, againſt 60 
in the lines, the ſquare of it will be found to be 3 600, and the 
fourth part hereof would be goo , which account inthe ſuperfi- 
cies and yon will £nd the Square Root of it to be 3o, and ſo many 
inch's muſt bc the like fide of the kfſer Plot if being caſt up by 
the ſame Scale it ſhould containe but 5 of what it did betore, 

If the line of Superficies were on a fireight ruler, then to per- 
form ſuch a Pr kcion as this, would be to meafure therewith 
the (ide of the Plot given , minding what number it reaches to in 
the Superficies , the fourth part of the ſaid Numder being reckoned 
on the Superficies , and thence taken ſhall be the length of the fide 
in the- Proportion required, 


Of the Lane of Sohas. 


F a-number be duly eſtimated in the ſaid line, and the thread 

laid over it,it will in the line of lines ſhew the cube Root of that 
number, and -the. conyerſe the Root being aſſigned, the Cube 
may be fonnd , bur by reaſon of the ſorxy performance of theſe 
Lines I ſhall ſpend no time about it, if this line be placed on a 
looſe Ruler, .and the like fides of two like Solids be meaſured 
therewith,thoſe Solids ſhall beare ſuch Proportion intheir con- 
tents eachto other asthe meaſured lengths on the Solids, 


Three Numbers being given to find the fourthin 4 
D#plicated. Proportion, 


Example, | 


k Fe Buller of 4 inches Diameter weigh 9/pound, what ſhall a 
uller of 8 znches Diameter weigh? Anſwer 72 pounds, 


In 


Of the Line of Solids. 49 

In this caſe let the whole line of Solids repreſent too, alwaycs 
the Solid content whether given or ſought , muſt be accounted in 
the line of Solids , and the Sides or. Diamcters in the Equal! 
parts, 

Lay the thread to 9g in the line of Solids., and from 8 in the in- 
ches take the neareſt diſtance to it, enter one foot of that extent at 
4 1n the inches, and lay the thread to the other foot : andiit will 
lye over 72 in the Solids for the weight of the Buller ſought. 


AnExample of the Converſe, 


If a Bullet whoſe Diameter is 4 Inches weigh 9 pound, 
another Bullet whoſe weight is 49 pound , what ſhall be the 
Diameter of it, 

Lay the thread to 4o in the Solids, .and from 4 Inches.in the 
lines take the neareſt diſtance to it. 

Then lay the thread to g inthe Solids, and enter the ſaid ex- 
rent at the equal Scale, ſo that the other foot turned about may 
but juſt touch che thread,, and it it will relt ar 64 Inches neareſt, 
which is the Diameter ſought, 


Of the Line of inſcribed Bodies. 


"This Line hath theſe lerrers ſet to ir, 


D Dod ecahedr on 
$ | 

I Signifying the Tcoſahedron 
C Sides fo Cube 

O ;Oftohedrow 
T Tetrahedron 


And the Letter $ Signifieth the 'Semidiameter of a Sphere, the 
-uſe whereof are <0 find the Sides of the five Regular Bodies that 
may be inſcribed in a Sphere. 


Of the line of Solids... ®- 
Example, 


A joyner being to cut the 5 Regular Bodies deſires to know the 
lengrhs of the (ides. of thy aid 5 Regular Bodies that may be in- 
ſcribed in a Sphere where/Diameter 35 6 inches, . | 

Lay the. thread over Sand take 3 inches out of the line of 
equal parts or Inches, and enter that.extent ſochat. one foot reſt- 
ing on the ſaid Scale of inches ,. the other turned about” may bur 
juit rouch-the thread, the relting point thus found , I call the 
point of entrance, from the ſaid point take the nearelt diltances 
to the thread laid over the Lerters.. 


Inch,Dec.parts 
D* .,. end meaſrire thoſe Extents - 13 
I ou the Line of Inches, and .I5 
C you will find them to yeach +45 
O to * 23 
T $6 


Which are the Dimenſions of the reſpeRive fides of thoſe 
Bodies co which the Letters belong, 

The uſes ot the Lines of quadrature, S2gments, Metcals and 
Equatcd Bodies, 1 leaye ro the Diſquifition of - the>Ryader ,. 
when he ſha]l have occafion to put them in praRtice , which I 
think wilt -be: ſeldome or neyer; and whereinthe affittance of the 
Pen will. be more commendable. . | 

Theſe lines were added to this quadrant to fill up fpare room, 
and to ſhew that what ever can be done on the $:&o?,, may be 
performed by them on a quadrans. 


A Table 


FL 


A TABLE 
Of the Latitude ofthe moſt emi-- 


nent Places in England, V ates, 
Scotland and: [ reland, 


d. m. | 4. me} 

Bedford 52 $ Reading Fr 28 
Barwick 55 54+ Salicbun , Sr 4 

1 Briſtol SI 27 S brewibery 2 47 | 

I 
Buckingham | 52 Stafford 52 52 

| - antes 52.'12 Stamford 52 38 

| Canterbary FI 17. T ymero 59 30 
C =_ 55 Warwic 52 20 
{hic fter 50 48 Wincheſter a3. -þ 
Cheſter $3 16” Worcefter F2 14 
(olchefter 51 58 Yorke. 53 58 
Derby ' 52.58 | wm mn | m— | 
Dorcheſter 50 4&1 WALES d. _ 
Duxham | 54 50 Amnglezy 53 28 
Exceter 50 43 Bar mouth 52 50 
Gilford E I2 | # |} Brecknock on 
Glouceſter Fi 53 Cardigan 52 12 
Hartford Fl 49: Carmarthen Fi 56 
Hereford | $2 7 Carnarvan 53 16 
Huntington 52 19 | Denbigh 3.223 

. Ipſwich | 52 8 Flint $3 17 

| Kendal 54 23 Llandaffe FI 35 
Lancaſter 54 Io CMonmenth FI Fl 
Leiceſter | 52 40 Afont gomeroy | Fl 56 

. Lincolne. F3 14 Ptmbrooke. ; 51 46 
London. FI 32 Radnor 52 19 
Northampton | 52, 14 St, David 52 ©0| 
Norwich 52 42 | 
Nottinge han 53 The ISLANDS. - d... m 

bi Oxford 51 46 | Garnzey i 49 2of 


5 
Lundy FI 22 | 54 14 
Max | 54 24 ( aterlagh $2 41 
Portland 50 33 Clare 52 34 
Wight Iſle. 5O H (orks | FI 53 
SCOTLAND, . | d. _ - Dublin F3 13 
+ Aberdeen 57 32 Dundals, ) 53 52 
Dunblain' 56 21 Galloway 53 2 
Dunkel 56 48 |. Youghal i: 
Edinburgh 55 56} | Kewy 53 27 
Glaſcow | $5 52 Kildare | 53 00 
Kintaile 57 44 Kings towne | 53 $8 
Orkyey Iſte 60 6 | | Knock forgus 54 37 
St, Andrewes 56 39 Kynſale Fl 41 
Skirafſin 53 36 Lymerick. 52 30 
| Sterling. | 56 13, weens towne , 52 52 
pin | Waterford | 52. 9 
IRELAND. {| 4d, m. 4M | 52 18 
| Anutrins | 54 38 f IS 
Aerts Prev t . FF 97 


A Table 


ſome yeares to come. 


Pole Star 
Andromedas Girdle 
Whales Belly 
Rams head 
Whales mouth 
| — head 

erſcus right ſide 
Buls _ 
Goar 
Orions left foor 
Orions left ſhoulder 
Firſt, in Orions girdle 
Second, in Orions girdle 
Third, in Orions girdle 
Otions right ſhoulder 
The Wagoner 
Bright foot of the Twins 
Great Dog 
Caltor or Apollo 
The little Dog 
Pollux or Hercules 
Hidra's heart 
Lions heart 
Lions- Neck 
Great Beares rump 
Lions back 
Lions tail 
The Virgins girdle 


£ 


A Table of the right Aſcen- 
frans and Declinations of ſome of 
the moſt principal fixed Stars for 


| 


Firſt in the great Bears taile next the 


+ rump 
Vindemiatrix- 


Virgins Spike 


53 


4 
R. Aſ- Dech- HMag-* 
| 


7 34N 
33.50N 
48121 49N 
44 |2 42N 
46 [39 35N 


TL 


59 148 33N 
I6 ji5 46N 
52145 37N 
$818 38$ 
6'5 59N, 
5100 35S: 
19/1 27 $ 
2312-9" $8 
18N 
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[20 38] 57 51NJ]2 
12 44|15 51 Nj3 
33 719 29 Sh1 
Middle-- 


Names. | R. Aſ- | Decli- | Mag- 
| cenfſon. | nation. "its de 
A ic” iis: with hog H m\D.m. 
Middlemolt in the Great Beares tail 13 101/56 45N/2 
Laſt in the end of the Great Beares rail | 13 34,51 95 Nj? 
Arcturus 14 00|21 03Nj! 
South Ballance 14 32/14 33 <p 
Brighteſt in the Crown 15 24127 43zN|3 
North Ballance 14 5808 03 $13 
Serpentarics kft hand I5 5602 46 513 
Scorpions hea 16 08|25 35 511 
Serpentaries left knee | 16 18109 46 s|3 
Serpentaries right knee 16 49|15 12 93 
Hercules head | 16 59 |14 ($1 Nj3 
Serpentarics head 17 19|12 52 N{3 
Dragons head 17 48151 36N|3 
Brighteſt in the Harp 18 25138 3oN[r 
Eagle or Vultures heart 19 34108 coN 2 
Upper horn of Capricorn Ig 58(13 32 5[3 
Swans tail 20 30 [44 O5 N[2 
Left ſhoulder of Aquarius 21 130702 13 
+Pcgaſus mouth = 21 275|o819N|3 
Right ſhoulder of Aquarws 21 48] o1 58 S|3 
Fomahanc | 22 39] 31 17 S$|1 
Pegaſus upper Wing, or Marcheb 22 48|1321N|2 
Pegaſns Lower Wing. ES 23 5513325N|2 


eNAr. Sutton knowing that ſome of 


the Tables of Declination and Right Aſcenſion in our 
Engliſh Books are antiquated and removed forward, 
rook the pains to Calculate a new Table of 
Right Aſcenſions and Declinations to ſerve for 


* thefurure, in regard I was not at 
leiſure to accompliſh it ; 
which followeth, 


A Table of the Suns Right Aſcenſion and 


i 


February | March 
| SE = | OR A. ©Decl. |OR,A. | ODecl, | 
8 R, k . ot. 
Z H. D. . At. D M, H, AA. D. M, 
"1 68. 46, | D, M. H 1 . 
by 21 46||2z1 42|13 49||23 28] 3 27 
o; vl} þ-54 buy pc 21 46|13 29,123. 32] PF 03 
= - 21 50113 o8[|23 361] 2 39 
= pp ws m. 21 $54|12 4$||23 39| 2 ” 
or - 21 oz|j2t 58|12 28\[23 43] 1 52 
<= —_ ©02|12 06 [23 46] 1 25 
4 Bug bo os g 22 o6lxt 451/23 Fol 1 or 
| voufh hope þ : 22 10| 11 241123 53} © 43 
= 22 14,11 O3|[|23 57| © 1f} 
_—_ 2 17|10 41! o or| Neth 6 
t0j20 13120 oiſſa 17 L:.- 5 —_ 
0 Pra nds | 
t1j20 17] 19 481122 2I|1 4 ; ob} 5 
[t2 22119 34/122 251 9 57] 0 
rn) po 22 2 | p— $5;10* av] Þ By 
[13]20 , 26] 19 2c | 9 + pe BY. 
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The uſe of the Reflifying Table, 


N2X that the minuces under the reſpetive years 5 to be nd- 
ded or lubltrated to or from the Suns Declination in the 
former Table,as is noted with the letter a ors: andalſo nece that 
the firlt figure in each moneth Rands for the firlt 10 dayes of the 
moneth, ang the ſecond for the ſecond 1@ days, & the third for the 
laſt to dayes, except in March or Sepoeiinr, which in {arch 
will ve the rt g dayes only, and in Seprember the firlt 12 dayes, 


Example. 


I would know the Suns Declination the 1 5 day of May 1 668+ 
Now becauſe this day of the moneth falls in the ſecond 10 dayesz 
1 look 1n the Table under the year 1668, and right againlt Afay 
you ſhall inde that inthe ſecond place of the moneth Rands 6 a, 
which ſhews me that I myt adde 6 minutes tothe Suns Declina- 
tion in the formex, Table 21 degrees 5 min. that (tands againlt the 
15 day of May, andthen 1 find that the Sun will have 21 deg. 11 
min, of North Declination, and fo for the reft, which will never 
differ aboye two minutes from the truth, but ſeldome ſo much, 
and for the moſt part true, 


Note that the former T able of the Suns Declination 5: fit- 
ted exaitly for the year 1666, by the Rules Mr.Wright 
gives in his CorreQtion of Errours, and from bis Tables, 

and may indifferently ſerve for the years 1658, 1662+ 

1670, 1674, withous any ſenfible errenr, and the Table 

of Right Aſeenfions will not vary 4 minute of time m 

way Jears. 
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Errours in the Horizontal Quadrant. 


Age 5 line 6 inan Italian letter ſhould not have been diſtin, 

nor in another letter from the former line, page 5, line g. for 
quarter, readhalf.p. 5.1. 13.r.0fa quadrant, p.11.1,7.r.63d.26%,p. 
19.1.7.r,theſame day t0,P-2 3.l.17.7-and ends at 22” palt 9,Þ,27- 

o[.7. for N R,r. N Z.p.28-1.4.-.in the parallel.p.30.1.9,&1.ro,r. 
23d. 31',p-38,1,4-r. 15:0 the ling;,p,50-l.5.r.whereof the Diame- 
cer 
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LONDON, 
Printed e Anno Domini, 1 65 8, 


DIRECT DIALLING 
By a Hoyle or Nodus. 


To draw 4 Dial under any window that the Sun ſhines upon by 
help of a thread faſtened 1m any point of the direft Axis 
found in the Ceiling, and a hole in any pane of glaſſe, 

or 4 knob or Nodme upon any ſide of the 


window or window-poſt, 


Cons rTRUCTIO, 


pe. ©) Irſt, draw on paſtboard or other material, an Hori- 
> Zonal Dial for the Latitude propoled, 
Then by help of the Suns Azimuth, which 
may be foand by help of a general Quadrant, at 
<DeERD any time, or by knowing the true hour of the 
, day with the help of the taid Horizontal Dial ; 
and draw that true Meridian from the hole or Nodus propoſed, 
both above on the Cicling, and below on the walls and floor of 
the Room; (o thatif a right line were extended from the (aid 
hole or Nodus by any point in any of thole lines, it would be in 
the meridian Cucle of the World, 


I 3 Ts 


" Direft Dialling by a Hole or Nodme. 


To finde 4 point inthe dirett Axis of the world, which will eves 
fall to be in the ſaid Meridian, tn which point the end 
of a thread u to be faſtened, 


I:Rt, fix the end of a thread or fmall filk in the center of the 

Hole or Nodus,and move the other end thereof up or down 

in the ſaid meridian formerly drawn on the Cieling or wal 
untill by applying the fide of a Quadrant to that thread, it i 
found to be eleyared equal to the Latitud2 of the place ; fo 1s that 
thread direQly ſcituated parallel ro che Axis of the world, and 
the point where the end of that thread coucheth the meridian ei- 
ther on the Cieling or wall, is that _ in the dire Ax.s ſought 
for, wherein fix one end of a thread, (whichthread%will be of pre- 
{ent uſe in projeRing of hour-points 1n any place propoſed, then : 


- To fiud the Hour-points either under the window, or any ether 
convenient place in the Rooms, 


Place the center of the ſai Horizontal Dial in the Center of 
the Hole or Nodus ; alſo ſcituare the faid Dial exaRtly pargllel to 
the Horizon, and the meridian of the ſaid Dial in the meridian 
of the world, which (as before) may eafily be done, if at that in- 
Rant you know the true hour of the day.) Then take the thread 
whole end is fixed in a point in the direRt Axis, and moye it to 
and fro, until the faid thread doth interpoſe berween your eye,and 
the hour-line on the faid Horizontal Dial which you jntend to 
draw, and then keeping your eye at that ſFiruation, make a point 
or mark in any place where you pleaſe, or under the window, fo 
that the ſaid thread or ſtring may interpoſe berween that point or 
mark ſo made, and your eye, as aforeſaid ; which ſaid" point fo 
found will ſhew the true time of the day at that hour' all the year 
lorg, the Sun ſhining thereon, ſo will that point, rogether with 
the ſaid thread, ſerve to ſhew the - hour , inſtead of an hour- 
line, 

In like manner, the ſaid thread fixed in the Axis may be aeain 
moyed ro and fro, until the ſaid thread doth interpoſe between the 


epc 
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Dialling on the floor of 4 Room, 
eye and any other hour-line deſired on the ſaid Horizontal Dial 
and then (as before) make another point or mark in any place a! 
pleaſure, or under the ſaid window, by .projeRting a point from 
the eye, {0 that the laid thread alſo interpoſe berween that point ro 
be made and the eye, ſo will that point ſo found ſhew the true 
time of the day for the ſame hour that did the hour line 6n the 
ſaid Horizontal Dial, which was ſhadowed by the taid thread, 

In like manner may be procceded (by help of that thread, and 
the ſeyeral hour-lines on the {aid Horizontal Dial) to finde the 
other hour-points which mult have the ſame numbecs ſet ro then 
as have the hour- lines on the ſaid Horizontal Dial, 


Otherwiſe to make a Dial from a hole in any'pane of glafle in 
a window , and to graduate the hour-lines below on the Sell, or 
Beam, or onthe ground, that hole 18 ſuppoſed co be the center of 
the Horizontal Dial, ard being true placed, the ſtile thereof, if 
ſuppoſed continued, will run into the point inthe Meridian of the 
Cicling before found, where a thread is ro be fixed ; then lerione 
extend a-thread faltned in the center of, the Horizontal Dial pa- 
rallelly to the Horizon, over eachreſpective hour-line, ard hold- 
ing ir (teady,.let another extend the thread faſtened in the Mcri- 
dian, inthe Cicling along by the edges of the former Horizontal 
thread, and fo this latter thread will finde divers points- on the 
ground, through which it hour-lines bedrawn,-and the Sun ſhine 
through the hole inthe pod of Glafle before made,the ſpot ot the 
Sun on che ground ſhall ſhew the time of the day. 

For the points that will be thus found on the Beam or Tran- 
ſome, the thread fixed in the Cieling, or inſtead of ic a piece of 
tape there fixed mult be moyed ſoup and down, that the ipor of the 
Sun may ſhine upon it, and being extended: to the Tranſome or 
Beam graduated with the hour-lines, as before direted, it there 
ſhews the time of the day, Here note, that it will be conveni-- 
em tc have that pane of Glafle darkened through which that ſpev 
to ſhine, 

In like manner may a Dial be made froma nail head, a knotirn 
ztriog.tied any where a crof{e, or from any point driven _ 

at 


Pl Dialling for the Weather. 
Gar of a window, and the hour-lines graduated upon the Tran» 
ſome or board underneath. 

To make a RefleRed Dial on the Ceiling of theRoom is one= 
ly the contrary of this, by ſuppoſing the Horiz ontal Diall wich 
irs tile to be turned downwards, and run into the true meridian 
on the ground, where the thread is tobe fixed, and to be extended 
along by the former Horizontal thread (held over the reipedtiye 
hows as before) upward, to find divers points 1n the Cichog, as 
(hall afrerwards be ſhewed. 


Of Dials to fland inthe Weather. 


Theſe may be alſo made by help of an Horizontal Dial. 


Rive two nails or pins into the wall, on which the edge of a 
D Board of comperent breadth may relt, th:n to hold up the 0- 

ther hide of the Board,drive two hooks into the wall aboye, 
whereto with cord ot line the outhde of the Board may be ſuſtain 
ed,and this Board being Horizontahplace the Horizontal Dial its 
Meridian-line in the true Meridian of the world, If a Plain 
look towards the Sonth, the ſtile of the Horizontal Dial conti- 
nued by a thread from the:center will run into the Plain, which 
note tobe the center of the new Dial, as alſo that line is the 
new (tile, which mutt be tupported with Rayes , when you fix ir 
UN. 
By a thread from the center laid over every hour-line on the 
Horizontal Dial, croſs the Horizontal line of the Plain, which 
note with the ſame hourvthe Horizontal Dial hath. 

The hour-lines on the Plain are to be drawn from the center 
before found through thoſe points, and fo cur off by the. Dial, or 
continued at pleaſure, 

If the Center of the Dial be aſfigned before you begin the 
work, in ſuch Caſes you may remove the Horizontal Dial upand 
down, keeping it (till to the true polition or'hour, till you finds 
the Axis or (tile run into the Center, 


Bur 


Refrafted Dials. * 
-But if che Plain look into the Eaſtor Weſt, then poſſibly the 
Axis of the Horizontal Dial will not meet with the Plain « ih 
ſuch Caſes you mult fix a board ſo, that it. may receive the Axis, 
(the board being perpendicular to-the Plain) this ile or Axis is 
to be faſtened to the Plain by two Reſts, the hour-lines may be 
drawn by the eye, or ſhadowedout by a Light 3 Bring the thread 
that repreſents the Axis or (tile into any hour-poimt (on the Hori- 
zontal Dial) by your eye or ſhadow ; at the ſame time the thread 
or ſhadow making marks on the Plain, ſhews. where the hour- 

lines are to paſle, 

After the ſame manner any hour-line is to be drawn oyer any 
irregular or crooked Plain, Further obſerve, that any point in, 
the middle, or neer the end of the tile will as well ſhew the hour 
of the Day,, asthe whole tile, 
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Of Refraied Dials. 


F you ſtick up a pin or ſtick, or aſſign any point in any concave 
| or Diſh, to ſhew the hour, and make that the center of the 

Horizontal Dial, afligning the meridian-line on the edges of 
the Boul, point our the reſt of the hour-lines alſo on the edges of 
the Boul, and taking away the Horizontal Dial, eleyate a ſtring 
or thread from the end of the faid pin faftned thereto: over the 
Meridian-line equalto the Eleyation of the Pole or the Latitude 
of the place ; then with a candle, or if you-bring the thread to 
ſhade upon any hour-point formerly marked out on the edges of 
the Boul, at the ſame time the ſhade in-the Boul is the hour line.. 

And if the Boul be tull of water, er any ether liquor, you may, 
draw the hour-lincs, which will never ſhe the true hour, unlefle: 
filled with the ſaid Liquor again, 
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To drav 4 Refleted Dial on ary Plain or Plains, be they ne- 
wer ſo Gibous, and Concave,or Coxvex, 0s ary irregularity 
whatſoever,the Glaſ being fixed at any Reclination at plea- 
ſure, (procided it may col its Reflex upon the places pron 
poſed. ) Together with all other _—_ lines or furniture 
thereon, VIZ, the Parallels of Declination, the Azimuth 
lines, the Parallels of Altitude (or proportions of ſhadons) 
the Planetary Howr-lines, and the Cuſpis of thoſe Houſes 
which are above the Horizon, gc. 


1.» If the Glaſſe be placed Horizontal upon the Trans 


ſome of a window, or other convenient place : 


How upon the Wall or Cieling whereon tht Glaſſe 
doth reflett to dr aw the Hour-lines thereon, al:lough it 
be never ſo irregular , or in any form whatſoever, 


CONSTRUCTIO, 


Irſt, draw on Paſtboard or other Material an Horizontal 
Dial for the Laticude propoſed. 
Then by help of the Azimuth, or at the time when the 
Sun is inthe Meridian; or by knowing the truce hour of 
Day, whereby may be drawn ſeveral lines on the Cieling, Floor, 
and Walls of the Room: ſo as in reſpeRt of the center of the 
Glaſſe they may be in the true Meridian-circle of the World ; 
For if right lines were extended from the center of the ſaid Glafſe 
by any point, though eleyated in any of thoſe lines ſo drawn, it 
would be directly in the Meridian Circle ofthe World. 
oi Now 


Reflefted Dialing from any Horizontal Glaſſe, 7 
Now all Refl-Qtive Dialling 1s performed from that principl® 
in Optichs, which is, That the angle of Incidence i equal to the 
angle of Refleition, And as any dire6&t Dial may be made by help 
of a point found in the dire Axis, ſo may any Reflected Dial 
be allo made by help of any point tound in the RefleQed Axis, 

And in regard the refleted Axis for the molt part will fall a- 
bove the Horizon of the Glaſſe without the- window, ſo that nu 
point there can be fixed, therefore a point mult be found in the 
{aid Reflected Axis continued below the Horizontal of the ſaid 
Glaſſe, until it touch the ground or floor of the Room .in ſome 
part of the Mzridian formerly drawn, which point will be the 
point 1n th reyerſed Axis d. fired, and may be found, as follow- 
eth. 

One end of the thread, being fixed at or in the center of the 
ſaid Glaſte, moye the orher end thereof in the meridian formerly 
drawn below the ſaid Glaſle, until the faid reverſed Axis be de- 
' preſſed below the Horizon, as thedireR Axis was eleyated aboye 

the Horizon, which may bedone by applying the id or edge of 
a Duadrant to the ſaid thread, and moving the end thereof ro and 
fro in the ſaid meridian, until the thread with a plummet cur the 
ſame degree as the Pole is above the Horizontal Glaſſe, and then 
that point where the end of the thread toucheth the Meridian ei- 
ther on the floor or wall of the room, is the point in the refleRed 
reverſed Axis ſought for, 

Now if the Reverſed Axis cannot be drawn from the Glaſle by 
reaſon of the j:tting *of the window or other impediment, that 
point in the reverſe Axis may be found by a line paralle] thereto, 
by fixing one end of it on the Glaſſe, and the other end in the me- 
ridian, {o as that it may be parallel ro the floor or wall in which 
the reverſed Axis-point wall fall, and finde the Axis point from 
that other end of the lath : ſo it the ſame Diltance be ſer from that 
point backward in the Meridian on the floor, as is the Lath, the 
point will be found in the Reyerſed Axis defired, 

Thus having found a point in the refle&ted reverſed Axis ; it 1s 
not hard, by help whereof and the Horizontal Daal, to draw the 
refleed hour-lines en any Cieling or Wall,be it neyer lo concave 
Or Convex, K To 


$3 Re flifed Dialling from any Horizontal Glaſſe, 

To do which : Firſt note, that all raight lines in any projeQi- 
on on any Phin,do always repreſent great Circles in the Sphere, 
fach are all the hourelines. = 

Place the center of this Horizontal-Dial in the center of the 
Glaſſe, the hour-lines of the ſaid Dial being horizontal, and the 
Meridian of the aid Dial-in the Meridian of the-world,. which 
may be done by-plumb lines ler fall from the meridian on the Cie- 
ling :: Then fizthe end of athread or filk in the ſaid center of the 
Dial or Glafle, and draw it direRly over any hour-line on the 
Dial which you intend to draw , and at the further fide of the 
room, and there let-one hold or falten that. thread with a.ſmall: 
nail, 

Then in the point formerly found on the reyerſed Axis ori the 
floox, fix another thread there (as formerly was done in the cen- 
ter of the Diall) then take that thread, and make it juſt touch che 
thread (on the hour-line of the Horizontal Dial extended )in any 
point thereof, it matters not whereabouts, and mark- where the 
end of that thread toucheth the wall ar Cicling, and there make 
ſome mark or point, 

Then again move the ſame thread higher or lower at pleaſure, 
till it, as formerly touch the ſaid fame hour thread, and mark a-- 
e4in whereabouts on the wall or Cieling, the end: of the faid: 
thread alſo toucheth,, In like manner may be found more points 
at pleaſure, but any two will be ſufficieat for the projeting or 
drawing any hour-line on any plain , how irregular ſoever, 
For it you moye a thread, and-alfo your eye to-and fro, un- 
til you bring the ſaid thread direftly berween your cye. and the 
points formerly found, you may project thereby as many. points: 
as you pleaſe at cyery anglz of the Wall or Cicling, whereby the 
reflected hour-line may be exaQRly drawn. . 

Again, in like manner remove the ſaid thread faltned-in the 
eencer of- the Horizontal Dial, (which alſo is the center of the 
Glaſle) on any other kour-line defired to be drawn, and as be- 
tore fatten the other end of the thread, by a {mall nail; or other. 
wile at the further ſide of the room, but ſo that the ſaid thread 
may lic jaſt on the hour-line propoſed 10:be drawn on the Hori- 
zontal. 
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zontal Dial, Then (as before) tak="the thread faſtened in the 
point on the refleted Axis, and bring it to touch the thread of 
th: houreline in any part thercof, and mark where the end of that 
thread toucherh the ſa:d Wall or Cieling : Then again (as before) 
moye che ſaidthread {oy as that it only touch the ſaid thread ot 
the hour-line in any other part thereof, and alſo mark where 
the end of that thread toucheth'the ſaid Wall or Cieling : So 
is there found ewo points on the Wall or Cieling, being in the 
reflected hour-line defired, by help of which two pouns the whole 
hour-line may bedrawn ; for if (as before) a thread be fo ſciru- 
ated, that it may interpoſe berween the eye and the ſaid two 
points found, you may make many points at pleaſure, whereunts 
the ſaid thread may allo interpoſe, which for mare conveniency 
may be made ac every angle or bending of the Wall or Cieling, 
be they never {o many : Sothar if lines be drawn from point to 
poiar, that ſaid refle&ted hour-line will be alſo exaRtly drawn. 

In like manner may the other hour-lines be drawn fo, that the 
Reflex or ſpot of the Sun from the ſaid Horizontal Glaſſe ſciruated 
inthe ſaid windaw (as before) ſhining amongſt the faid reflet- 
ed bour-lines drawn on the wall or Cicling, will exactly ſhew 
the hour of the day defired, 

Now if lines be drawn round about the faid Room, equal ts 
the Horizon of the ſaid Glaſle, it will ſhew when the Sun is in 
* or neer the Horizon, 


To draw the Equator and Tropicks on any Wall or Cieling 
to any Horizontal refietting Glaſſe, 


1 To draw the Refiefied o/£quator or Equinettial-line on the 
Wall or Cieling, which repreſents a great Circle. 


Ake the thread fixed in the Center of the Glaſle, and 
moye the end thereof to and fro in the meridian line drawn 
on the Cieling, untill by help of a Quadrant the ſaid thread 
be elevated equal to the complement of the Latirade, (which will 


be alwayes perpendicular to the reverſed Axis) marking in the 
K 2 me= 
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Meridian where the-end of that thread falls, then on that point 
and the ſaid meridian line on the Cicling ere a perpendicular 
liac, which line may be continued on any plane whatſoever, and 
is the refleted Equinotial line delired, 

Note that all great Circles are right lines, & are alwayes drawn 
or projected from a right line, 


2, Todray the Tropicks, Note, that all Parallels of Decli- 
"nation are leſſer Circles, and are Conjck Seftons, 


Irlt, make or take out of ſom? Book a Table of the Suns Al- 
Fic for each hour of the day, calculated for the place or La- 
tirude propoſed, when the Sun is in eicher of the Tropicks, 
Then take the thread fixed in the center of the Glafſe, and by 
applying one fide of a quadrant to the {aid thread, and moving 
one end of itto and fro in th hour-line propoſed, eleyare the ſaid 
thread anfweravle to the Suns ncight in that hour, when he is in 
that Tropick you defire todraw, and mark whzre the end of thar 
thread to elevared roucherh 1n that hour-line propoſed, So may 
you in hike manner findea feyeral point in each homsline for the 
Suns he:gnt in that Tropick, whereby a line may be drawn on 
the Wall or Cicling from point to point formnly made in the 
ſaid hour*lines, which the Tropick defired, | 
Inlike manner may any parallel of D:clinartion be drawn : If 
there be firſt calculaccd a Table of rhe Suns altitude at all hours of 
the day, when ch2 Sun hath any D:clmarion propoſcd, whereby 
may be drawn-echer.che Parall:ls of the Suns pl:ce, or the paral-. 


1:1s of th: length of the day, 


To draw the parallel, of, Decfrnation to. any ReflettedGlaſſe mo I 
, eaſily, by h. lp of a Trigon firſt made on paſt board or 


ether material. 


Px the Trigon to the refleRted roverſed Axis, ſothat the center 

'of the Trigan may be inthe center, of the Glaſſe, theu will the 
Equinoctial on the Trigan' be perpendicular to the ſaid Axis: 
then take the thread fixed inthe center of the Glafſe, and ay ir | 
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along either of the Tropicks .or other parallels of Declination 
requrecd, which is drawn on the ſaid Trigon, which thread muſt 
be continued fo, that the end thereof may rouch any hour-line, 
and on that hour-line mark the point of rouch, the thread being 
ftill laid on the ſame parallcl of declination on' the Trigon : in 
theſame manner finde a point in each how-line, Laſtly, draw 
a line by thoſz points ſo found, which will be the Tropick-line or 
other parall 1 of declination, as the thread was laid on, on the Tri- 
gon. 


To draw the eAzimuth-lines on any Wall or Cieling to any Hs- 
rizontal refleftting Glaſſe. Note that all eAzimuth; 
are great Circles, 


| Le find a vertical point, either aboye to the Zenith, or below 

* tothe Nadir of the Glafle (by ſome called a perpendicular 'or 
plumb line) and mark in what point it cuts the floor of the room, 
Which point I call the refl-&ed vertical point, wherein the'end of 
a thread is tobe fix2d : For by a point found un the refleted Ax- 
is of the Hotizon the Azimuths may be drawn, as by a point 
found in the refle&ted Axis of the EquinoRial the hour-lines 
may be drawn. 

Then on paſiboard or other material draw the points of the 
Compaſſe or other degrees, and fix the center thereof in che cene 
ter of the Glaſſe, and the meridian thereof in the meridian of the 
world, as was ſhewn in drawing the hour-lines, being cateful to 
place it horizontal. 

Then take the thread fixed in the place of the glafſc, and draw 
it over any Azimuth, which is defired to be drawn, and ar the 
further ſide of the Room faſten chat thread with a ſmall nail as ic 
was in drawing the refleted hour-lines : Then take the thread 
whole end is faſtened in the faid reflect vertical point,” and bring 
thax thread ſo as jult to touch the ſaid horizonta] thread, and aug- 
ment it, until the end thereof touch the wall or Cicling, and there 
make a mark or point, In like manner, moye the faid thread, 
whole end is faltened in the ſaid yertzcal point, higher or _ at 
PRaD - 
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pleaſure, till as formerly it touch the ſaid horizontal thread, and 
mark again whereabouts the end thereof toucherh the ſaid Wall 
or Cicling-: Now by help of theſe ewo points found in the re- 
fleRed Azimuth line, the whole Azimuth line may be drawn; 
for if (as before in drawing the Hourslines) a thread be o (citna- 
red, that it may interpoſe between the eye and the ſaid two points, 
you may make many points at pleaſure, ro which the ſaid thread 
fo fituated may alſo interpoſe, wbich may be made at every angle 
or bending of the wall or Cicling (as before) whereby the 1efleRt= 
ed Azimuth-line defired may be drawn. In like manner may 
the other refleted Azimuth lines be drawn, 

Alſo there may be lines drawn parallel to the Horizon round 
about the room, by help of the thread fixed in the center of the 
Glaſſe, and a Quadrant for the elevation thereof, which will ſhew 
the Suns alcitude at any appearance thereof, 


Thus have I ſhewed the drawing of 4 Reflefted Dial from an 
Horizontal Glafſe, with all the uſual fur niture thereon, though 
the wall or place on which it is to be drawn be never ſo gibous or 
irregular, or in what ſhape ſoever, 


Now the Glafle may be exaRtly fituared Horizontal, if you 
draw a reflected parallel for the preſent day, and know alſo the 
true hour, and ſo place the Glafle, that the ſpot or reflex of the 
Sun may fall thereon on the Cieling, for there is no way by an 
Inftrument to do itz the Glaſſe js ſo imall. 


SESSSSSSARARSA ASS 
Of Reclining RefleCting Glafles. 
| Refiefted Dialling from any R eclning 


Glaſſ. 


D ———— 


I ſhall now ſhew how to draw any Refle&ed Dial, 
with all the Furniture (that poſſible may be) the Glaſs 
being ſet at any poſſible Reclination.. 

In the drawing ot which there is princigally ro be 
conſidered, ; 

1 TheKRefletied H, 07420P, [Note the Horizon & Meri- 
2 IM The RefleFed Meridian. 'dian are two orcat cucles, 
1 To draw the Refletted Horizon according to the ſituation of 
any reclining Glaſſe whatſoever. 


Irſt, let two pieces of nealed wire be faltened on the win- 
dow on each (ide of the laid Glaſſe, the ends thereof being 
' without the room ia the air, at whoſe ends- let there be 
faltned a thread which maf be pulled Rraight ar pleaſure, 
by bending of the wire, then bend thole wires upward or down- 
ward, until the thread faftened at the end of each wire be exactly 
horizontal with the center of the Glaſſe, which may be tried by a 
quadrant : Then I tie a ſtring or thread croſs the room, in ſuch 
ſort that T may from molt pact of the thread ſee the refleRing glaſs, 
and therein the ſaid horizontal thread without the room : Then on 
the ſaid thread croſs the room, I tie a flipping knot to moye to 
and froat pleaſure, which knot I moye to and fro on the ſaid 
- thread, untilby looking in the ſaid Glafle I finde from my, eye 
the ſaid knorand part of the horizontal thread without, - all as it. 
were in a right line, the one interpokng the fight of the. orher,. 
Thea 
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Then being careful to keep the knot in that poſition, faſten one 
end of a thread in.the place of the center of the reclining refle= 
ing elafle, and bring that thread ſo, as ju't to touch' the aforgſaid 
knor, augmenting thatthread, until the end thereot touch the wall 
or Cieling, and there make a mark or point, ſo is there one point 
found on the Wall or Cieling in the RefleRcd Horizon of the 
World, Then I begin again, and remove the poſition of that 
thread (Which went oyerthwart the Room) either higher or low- 
er at pleaſure, (till having regard that I may from the moſt part of 
the (aid thread ſee the ReflzQing Glaſſe,and therein the ſame ho- 
rizontal thread without the room Then, as before, I moye the ſaid 
kqot on the (aid thread to &fro,unril (as before)by looking in the 
faid Glaſſe I find from my eye the ſaid knot,and part of the Hori» 
zontal thread both in one right line, the one interpoling the hght 
of the other;and by the ſaid knot I oy that thread, whole end is 
faſtened in the center of the ſaid glafle, and keeping ir jult to 
touch the ſaid knot, I continue it, until the end thereot touch the 
Wall or Cieling, as before, and there I make another mark or 
point ; ſo-is there two points found 1n the ſaid refleted Horizon 
on the wall or Cicling, By which faid.two points, if a thread (as 
before) be ſo ſcituated, that it may interpoſe between the eye and 
the ſaid two points, there may be many points made to. be in the 
ſame interpoſition of the thread , which (as before) may be made 
at eyery bending or angle of the Wall or Cieling, whereby the 
refle&:d Horizon deſired may be drawn, by drawing a line from 
point to point round about the Room ; Which wil be the true 
reflzMed Horizon according tothe ſituation of the glafle, 


2 Todraw the Refleted Meridian, according to the "ſituation 
of any Reclining Glaſſt whatſoever, 


Jlcſt, take a Jath or thin piece of wood of any convenient 
length at pleaſure, as ſGme one and an half, or two foot long, 
ndat each end thereof make a hole, the one to hang a thread 

and plummet, and the other is to put a ſmall nail therin.cofaſten it 
in ſome part of the window. oyer the center of the Glaſſe, ſo 


that - 
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that the thread and plummer may hang without the room: then 
by help of the Suns Azimuth you may draw the meridian line, (as 
before) as if the Glaſſe were horizontal, and moye the lath with 
the thread and plummet ar the end of it to and fro, until the 
thread and plummet be in the dire& meridian of the world with 
the center of the Glaſle. Then (as before) tie a thiead crofle 
the room, inſuch ſort that from or by ſome part of the ſaid thread 
both the Reclining glafſe and the thread to which the plummet 1s 
faſtened may be ſeen art one time. Then (as before) on the ſaid 
thread, which croſſes the room, I tie a {lipping knot, which I 
moye to and fro on the ſaid (tring, wintil by looking in the (aid 
Glaſſe I find from my eye the ſaid knot and ſome part of the per= 
pendicular thread withour, all as it were in one right line, the 
one ſhadowing or interpoling the fight of the other, being then 
very careful ro keep that knot in the ſame poſition, then take the 
thread (whoſe end whereof being faſtened in the ſaid center of 
the Glaſſe) and bringing it jult rorouch the ſaid knot, I augment 
that thread, until the end thereof touch the ſaid wall or Cicling, 
and the ſaid thread alſo touch the knot , as before: then in that 
place where the end of the ſaid thread toucheth the wall or Cic- 
ling, I make a mark, whith mark or point will be dueCtly in the 
refleted meridian of the world, according to the ſituation of that 
Glaſſe, Then again I remoye that thread (oyerthwart the room) 
on which the ſaid knot is, either higher or lower then it formerly 
wasat pleaſure, [til] having regard that from ſome part of the ſaid 
thread within, you may ſee both the Reclining Glaſle, and the 
perpendicular thread without at one time ; and (asbefore) moye 
the ſaid flipping knot on the ſaid thread, uncl by looking inthe 
faid Reclining Glafle, you ſee the ſaid knot and ſome part of the 
perpendicular thread without in one right line, ſo as the one ſha- 
dows or hinders the fight of the other, (as betere) which knor 
then muſt not be remoyed from its ſituation, then take that thread 
Cwholl end is faſtened in the Glaſſe) and bring it to touch that 
knor, the end of the ſaid thread beingscontinued to touch the 
wall or Cicling z ſo is that point - touch on the Cicling oo 
< Me 
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point found in the RefleQed Meridian of the world. So1s there 
two points found in the aid RefleRed Meridian, on the wall 
or Cieling; by which, if a thread (as before) be ſo fituared, that 
ir may interpoſe berween the eye and che ſaid two points, many 
points thereby in the ſaid reflected Meridian may be made at e- 
very bending or angle of the wall or Cicling, whereby the Re- 
f:Red meridian deſired may be drawn, by drawing a line 
from point to point obliquely in the Room, which will be the 
erae RefleRed Meridian of che world, according to the (ityation 
of that Glaſle. 


Now this Refleed Horizon and Meridian being firſt 
drawn, they will be of great uſe in drawing the Hour- 
lines, togerher with all che furnicure that poſſibly can be 
drawn on any Diall, 


To draw the Reflefted Hour-lines to any Reclining Glaſſe on any 
plane whatſoever, that the Sun will berefletted on : 
help of an ordinary Horizomal Dial for 
that Latitude. 


Þ1f, excend ſeyeral threads from the center of the Glaſſe to: 
the extremity of the RefleRed Horizon in the Room (which 
for more conyeniency and uſe may be the ſeveral. hour-lines, and 
may allo ſerve as a bed to ſituate the Horizontal Diall on the Re- 
flected Horizon). having regard to fituate the center of the Dial. 
on the center of- the Glaſſe, and the Meridian of chat Dial on 
th? Refleted Meridian of the WorJd: Then to finde the point 
in the RefleRed reverſed Axis on the Aloor of the Room ; "Take 
a thread, one end. thereof being faſtened in the center of the 
Glafle, and moye the other end thereof-co and fro in the refleRed 
meridian under the RefleRted Horizon, until. by help of a*Qua-« 
dranc the ſajdthread is foynd to be depreſſed under the refleed 
Horizon, equal.co the latitude of the place,and. where the eng of 
+" _ 
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the ſaid thread interfeRs or meets the RefleRed Meridian either 
on the floor or wall, that point is the refleRed reverſed Axis, as 
was required, In which point faſten one end of a thread, which 
thread will be of great uſe in drawing the refleted hou-lines on 
any wall or Cieling whatſoe yer, Now if thisthread, whole end 
is faltened in a point on the reflected reverſed Axis, be taken and 
brought to touch any part of any one of the threads of the hour- 
lines (produced to and faſtened in the reflected Horizon) the 
ſaid thread being continued {oy as the end thereof may touch the 
wall or Cicling, and alſo any part of the faid thread torch che 
hour-line or thread propoſed ; that point on the wall or Cieling is 
in the reflected hour-line deſired to be drawn : Allo the other 
point in the ſame reflected hour-line may be found ; If the faid 

thread, whole end is faſtened in the Reflected Axis, be brought to 
rouch ſome other part of the ſame hour-thread propoſed ; to that 

when (as before) the end of ch#ſaid thread toucheth the wall or 

Cieling, ſome part of that thread may alſo touch the houreline 
defired, which point of rouch on the wall or Cieling, is allo anos 
ther point in the ſaid reflected how-line defired. By which two 

points ſo fourid (as before) che reflected hour-line may be drawn 

by a thread, projecting by chole points from the eye, as it was 

formerly directed in drawing the reflected hour-Jines to an Hori- 

zontal Glaſſe. 


To draw the Reflefted Equmoltial line, and alſs the Tropicks 
on au) wall or Creling, to any Reclining Refietting glaſſe, 


1 To draw the reflefted Equinoftial line on the 
F Waller Cieling. 


Ake that thread, whoſe end is faſtened in the center of the re- 
clining glaſſe, and move the other end thereof to and fro in 
the ſaid RefleRed meridian formerly drawn, until Io help of a 
| crmmr ay the ſaid thread is elevated above the refledted Horizon 


ormerly drawn » equal to the Complement of the Latitude, 
L 2 (which 
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(which as before will be alwayes perpendicular to the reverſed 
Axis) and make a point in the ſaid refleed meridian, . where 
the end of the ſaid thread toucheth ; then on that point and the 
faid refleRed meridian on the Cieling, raiſe a perpendicular line, 
which isthe RefleRed EquinoRial line deſired, 


2, Todraw the reflefted Tropicks , or other Parallels of 
Dcelination. 


Irſt, (as before) make or take, our of ſom? Book a Table of 

the Sans Altitude for each hour of the day, calculated for the 
place or Laticude propoſed, when che Sun is in either of theTro- 
picks,or other parallel of Declination: then take that chread,whoſe 
end is faltened in the center of the Glaſle, move the other end 
thereof to and fro in th2 hour-line propoſed,until by applying one 
fide of a quadrant to the {aid thread you find the ſaid thread eleya- 
red above the refleted Horizon anſwerable to the Suns height in 
that hour propoſed, when he is in that Tropick or degree of De- 
clination propoſed. Which altitude required will be found in the 
foreſaid Tavle for that end calculated, which faid thread being of 
the elevation above the refl:Red Horizon, as the ſaid Table di- 
reQcth : then mark where the end of the thread (ſoeleyated) 
toucherh the Wall or Cieling in that hour-line : fo is one point 
found in the refl-&:d parallel of Declination deſired to be drawn, 
In like manner, find in the ſaid Tabie 1n the ſame parallel or de- 
oree of declination what alticude the Sun hath ar the next hour, 
and clevate the ſaid thread, whoſe end 1s faſtened in the center of 
the Glaſle, equal ro the Suns alcitude in that hour above the ſaid 
reflzKed HoriZz5n, by help of the ſaid Quadrant, and where the 
orher gngl of the ſaid tnread falleth in the hour-line propoſed,make 
another mark or point, And fo in ke manner make the points 
( longing that parallel of Declination) in the remaining hour- 
lines, according to the ſeyeral Altitudes found in the ſaid Table 
ef Atitules: Then drawing by hand a line to paſſe through 
thoſe ſcyeral pointsſo found, as before, which line js the refle&t- 
ed 
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ed parallel of che Suns declination defired, In like manner may 
be drawn all or any other parallel of Declination, which may 
have reſpect to the Suns place, or the length of the day, as ſhall 
be dcfired, 


Or, 
To draw the ſaid reflefted Tropicks, or other parallels of Decli- 
nation, without any Tables calculated, only, by help of « 


Trigon firſ# made on paſtboard or other material, 
Note that all Parallels are lefſer (ircles, 


Pri (as formerly is ſhewd in drawing the parallels of Delina« 

tion ro a Reflecting Horizontal Glafle) falten the Trigon on 
the refleRed reverled Axis, fo that the center of the Trigon may 
be inthe center of the Glaſle, then alſo will the EquinoCtial on 
the Trigon be perpendicular to the ſaid refleRed reverſed Axis : 
then take the thread fixed in the center of the ſaid Ghaſſe, (which 
is allo in the center of the Trigon) and lay it upon that parallel 
of Declimation,. drawn on the ſaid Trigon, wheſe refle&ed pa- 
rallel is required to. be drawn on the plane or Cicling: then 
moye the Trigon, the thread Iying on the faid parallel, until the 
end of the ſaid thread touch any hour-line on the ſaid wall or 
Cizling, in which point of touch on that hour-line make a ma k, 
ſo will that point be 1n the refleed paralle] of Declination de- 
fired, Inlike manner, moye the ſaid Trigon, Gill keeping the 
thread on the ſame parallel, until che end of that thread touch a- 
nother hour-line on the faid plane or Cicling, and there alſomake 
another mark, And ſo in like manner find a point in each hoursline 
through which that refleted parallel muft paſſe ; then drawing a 
line to paſle through thoſe ſeveral points on the ſaid plane or Cie- 
ling, which line is che refleRed parallel of the Suns Declination 
deſired. : | 

Irf like-manner may be drawn any ether reflected parallel of 
Decligation required, 
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To draw the reflefted Azimnth-lines to any reclining Glaſſe, on 
any plant whatſoever rhat the Sun-beams will be refleted 
on. Here note that eAzimuths are great 
Circles. 


Ft, know that the refleQed yertical point in the Axis of the 

Refleed Horizon, will alwayes be found in the refleRed me- 
ridian= And look how many degrees the refleted Horizon dif- 
fers from the direR Horizon, ſo many mult the fled Axis of 
the Horizon differ from the dire& Axis of the Horizon : Hence 
the refle Red vertical point, whereby the refleted Azimuth-lines 
are drawn, may be thus found. | 

Take that thread whoſe end is fixed 1n the center of the Glaſſe, 
and moye the other end thereof ro& tro in the refleRed meridian, 
until by applying one fide of a quadrant thereto, you find the ſaid 
thread depreſſed jult go degrees, or perpendicular under the re- 
fleted Horizon ; then make a mark or point where the other end 
of the ſaid thread toucheth the ſaid reflected Meridian on the 
Wall, Ground, or Floor ot +the Room, which point fo found is 
the refleQed vertical point defired, in which point faRen one end 
pf a thread : 

Then on paſtboard or other material draw the points of the 
Compaſle or other degrees, placing the center thereof in the cen. 
ter of the Glaſſe, and the meridian thereof in the refleteqd meri- 
dian of the world, which faid paſtboard, muſt be allo ſituated in 
the reflected Horizon juſt as the Horizontal Dial was formet] 
directed to be fituated for drawing the reflected hour-lines : And 
as the threads from the center faltened in the reflected Horizon 
were alſo the hour-lines on the Horizontal Diall, whereby the 
reflected hour-lines were dfawn; So now the threads from the 
center faſtened in the Reflected Horizon may be the Horizental 
Azimuth lines , whereby the reflected Azimuth-lines may be 
drawn : Or if that thread which faſtned in the center of the glaſs 
be drawn exactly oyer avy Azimuth-line,, the end whereof 


being 
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being fakkened by a nail or other means in the reflected Hori 
zon on the other fide of che Room, there may ſeveral points be 
found in the walt or Ciclirig, through which the reflected Arxi- 
muth line muſt paſle, as tolloweth : | 


Take that thread, one end of which is faſtened in the ſaid ver- 
tical pous and bring it juſt to touch the Azimuth thread former- 
ty faſtened, and continue ituntil the end thereof touch the wall 
or Cieling, (and alſo the thread it (elf touch the faid Azimuth 
it ſelf, as before) in which point of touch on the wall or Cieling 
make a mark, through which point that refleted Azimuth-line 
muſt paſſe, Then move the laid ſtring faltened in the ſaid yer- 
tical point , fo that it may jult touch the ſaid thread again, bur in 
another place : then as betore continue that thread, untill the 
end thereof couch the wall or Cieling again, as before, aud there 
make another mark, through which the ſaid refleted Azimuch 
line mult alſo pafle ; In like manner may more points be found 
far your further guide, in drawing that Azimuth-line, But twwo 
points being found wall be ſufficient. 


To draw any refletted line by any two points given over any plane 
 _— without projeting F, the eye. FE 


Aften two threads in the place of the center of the ſaid recli- 
Faing Glade, drawing the faid threads [traight, faſtening each 

of rhe ather ends in the two refteted Azimuth-points for- 
merly found on the wall or Cieling. Then fituate a thread croſs 
or thwart the room, ſo as it may crofle thoſe other threads from 
the center, neer atright angles, and alſo juſt rouch both of them 
in that ſituation, By which ſaid thread crofle the room may any 
number of points in the (aid refleted Azimuth-line to be drawn, 
be found at pleaſure : For if the end of another thread be alſo 
faltened inthe center of the ſaid Glafſe, making the other eyd 
thereof to touch the wall or Cieling, but ſo that it may alſo juſt 
couch the ſajzd thread, which-is faſtened. crofle the room,, which» 
point 
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point of touch on the ſaid wall or Cicling is another/point in the © 
{aid refle@ed Azimuth line required to be drawn, InTike man- 
nex may more peints be found at eyery angle or bending of the 
wall or Cieling for the exaRter drawing the refleRted Azimuth 
line required, which doth find points, whereby 1s drawn the ſame 
refle&ed Azimuth line (or other lines)as was formerly done by a 
thread fo fitnated, that it may interpoſe berween the eye andany 
ewo points aſſigned bn the wall or Cieling, 

In like manner, if the thread faſtened on the further fide of 
the room were remoyed on another Azimuth line on the faid 

aſtboard, and then faſten it again on the further ſide of the room 
(as before) you may by help of the ſaid thread faltencd in the 
faid yertical point find ſeyeral points on the wall or Cieling, 
throvgh which that Azimuth-line will pe; So may you cither 
by this or the former way draw what Azimuth lines you pleaſe, 
either in points of the Mariners Compaſſe or degrees, as you 
pleaſe, by drawing it firſt on paſtboard, as before is direQed, 

And note generally, that ſuch relation the point found on the 
floor or ground in the refleted reverſed Axis, hath to the hour- 
lines drawn on the Horizontal Dial, in diawing the refleed 
hour-lines; The ſame hath the RefleRed yertical point found on 
the floor or ground, to the Azimuths drawn on the paſtboard in 
drawing the refleted Azimuthelines, 


To draw the refieFied parallels of the Suns altitude, or proporti- 
ons of ſhadows to any reclining Glaſſe on any Plane what- 
; | og that the Sun-beams will be reflefted on, 
Here note, that parallels of Altitude are leſſer 
Circles, therefore are not repreſented 
by a right line. 


| TR know generally that what reſpeR the parallels of Decli- 
nation haye to the hour-[ines, ſuch haye the parallels of Al- 
titude ts the Azimuths, 


Por if one end of a thread be faſtened in the place of the cen- 
tex 
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ter of the reclining Glaffe, and the other end moved to and fro 
in any refleRed Azimuth line, until the faid thread be elevated a- 
ny number of degrees propoſed aboye the refleed Horizon (the 
Elevation of which thread being found, by applying ® ,Yuediant 
thereto, and making a mark or point where the end of the ſaid 
thread toucheth the ſaid reflefted Azimuth drawn on the wall or 
Cieling, thar poinc lo found is the point through which that Al- 
mican.er or refle&ed parallel of the Suns altitude nut pale, 

In like manner, remove the other end of the ſaid thread faſt- 
ned in the center of the Glaſle to another refleQed Azimuthe 
line, and (as before) move it higher ar lower, uncill by applying 
the edge of a quadrant to that thread, you find the ſaid thread a- 
boye the reflected Horizon the ſame number of degrees firſt pro- 
poſed, and at the end of the ſaid thread in that RefleQed Zi 
muth-line drawn on the wall or Cicling 1 make another mark or 
point, through which che ſame Refleted Almicanter or para}lc} 
of Alticude mult al{o-pafſe : And ſo in like manner 1 find a point 
on each reflected Azimuth-line, through which the fame parallel 
of Altitude nault paſſe, Then drawing by hand a line to paſſe 
through theſe ſeyeral points ſo found, as befere, that line is the 
Reflected parallel of rhe Suns Alticude _ In like rvan- 
ner may be drawn all the other parallels of Altirude defired, 
which will ſhew the Suns alticude or the Proportion of any ſha- 
dow to its altitude, at any appearance of the Suns reflex thereon. 

£ 


To draw the Jewiſh or old nnequal houy-lines to any Reclining 
Glaſſe on any plane whatſoever that the Sun-beams will 
be refiefted on. Here note that the Jewiſh hony. 
{mes are great Circles, 


Irſt, (by the Rules formerly given) draw two reflected paral- 
lels of Declination of 164, 5 5, the one being neex the Sum- 
mer, and the other neer the Winter-Tropick : for when the 
Sun hath that Declination, the day is 15 hours long in the Sum- 
mer, and 9 in the winter ; Then Gs is _— directed) fituate 

2 
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a thread juſt berween the eye, and thoſe three points in the ſaid 
Reflected Dial, as is expreiled in the inſuing Table, ſo may you 
thereby draw all or any of thoſe Jewiſh hour-lines defired, which 
will at any appearance of the ipor by the reflex of the Glaſſe a- 
monglt thoſe hour-lines, ſhew how many of che equal hours is 
palt tince S4n-rifing, as was defired, Now 1n this Latitude of 
51 deg, 30, If the parallels of the Suns declination bz drawn, 
both when the day is g and 1 5 hours long, that is, when it is 164, 
55', any of thoſe Jewiſh hour-lines will interſect the common 
hour-lines, either upon the hours, half hours, or quarters, And 
ſuch a declination may be found, that it ſhall to do in any Laticude 


deſired. 


Hnequal 15 | Equ, | 9 Hnequ I5 | E qu. | 9 

Hours. |H.M; H. | HM. | | howrs |4,M.| BH, |H.M.,| 

BE 0 4 30| 6 [7 30 | 
I | 545] 7 | 815 2-48 4% 1 |O© 45 
2 7 00 8 900 $ [© 30 | Sg 41 1 zol 
3 815] 9 | 945 9 [3 45] 3|2 1s 
4 930| 10 | 1030 10 |5 oo| 4|3 og 
s Rego] ut [tie II |6 15 5 13 45 
6 [1200] 12 |12co\|] 12 [7 3o| 614 3 


Fo draw the Circles of Poſition to any reclining Glaſſe on any 
plane whatſoever, that the Sun-beams will bereflefted on. 


N Ote that all Circles of Poficion are great Circles of the 
+ V Sthere, and do alwayes interſect each other in that point of 
th2 Reflzcted meridian which toucheth the Reflected Hori- 

zon, which may be called the common interſection-z which aid 
Cucles of Poſition are reckoned upon the Reflected Equinoctial 
both wayes from the ſaid meridian down to the faid Horizon : 
The Horizon Eaſtward being the Cuſpis of the firſt Houſe, and 
the Horizon Weſtward being the Cuſpis of the ſeventh Houſe ; 
and the Reflected meradian the culpis of the tenth Houſe, So thax 
VE k thoſe 
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thoſe M-ridian-planes, whoſe Reclination {is 60 degrees Weſt - 

wards, (being meaſured from the meridian in-the Equinoctial) 
lies in the Cuſpis of the eighth Houſe, ard 30 degr. Weftward 
lies in the Culpis of the ninth houſe, and 3o deg, Eaſtward in the 
Cuſpis of the eleventh Houſe, and 60deg, Eaftward in the Cuſpis 
of the tweltch Houſe : whick are all the Houſes aboye the Hori- 


ZOn»s 


Now to draw any Circle of Poſition, or the Cuſpic of any Houſe 
on any Cieling or wall to any reclining Glaſſe is 
- done 4s followeth : 


Firſt, faſten a thread, in ſuch ſort, within the Room, «s that it 
may interpoſe between the eye and the ſaid common point of in- 
rerfection on the wall or Cieling, and alſo berween that point 
where the reflected hoursline of 4 (being 60 deg, Weſtward from 
the ſaid Meridian) interſects the reflected Equinocrtial alſo on the 
Cicling, whereby points may be made at every bending or angle 
of the wall ar Cieling, to which the thread ſo ſituated may alſo 
interpoſe, by which points the Reflected Cuſpis of the eighth 
Houſe may be drawn, In like manner may the Cuſpis of any 
other Houle above the Horizon, as the gth, or 10th, which is the 
Meridian (or Medium CoR) or 11th, or 12th. be drawn allo, 
For if (as before) the ſaid thread be again ſo faſtened within the 
Room, as that it may alſo interpoſe between the eye and the ſaid 
common point of interſeRion, and alſo thoſe points where the 
refleted hour-line of 2 (being 30 deg, Weſtward from the ſaid 
meridian) do cut the refle&ed EquinoRial, whereby may be 
drawn the refleed Cuſpis of the ninth Houſe. Or where the 
Reflected hcur-line of 10 (being alſo 3o deg, Ealtward from the 
meridian)de alſo cut the ſaid mw vc Equimoctial, _— may 
be drawn the Cuſpis of the 11th, Houſe. . Or where the reflected 
hour-line of 8 (being 60 deg. Ealtward from the meridian) do 
alſo cut the (aid reflected Equinoctial, whereby may be drawn the 
Cuſpis of the r 2th. Houſe, The Horizon alwayes being the Cul- 
pis of the firlt and feyenth Houſes and the meridian the GH 
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the tenth houſe or Mediums Cali : wherein generally it is to be 
noted, That in all planes which cut the common Interſection of 
the meridian and Horizon, (as doth the Horizontal, and alſo all 
meridian planes both Direct and Reclining) theſe Circles of Po- 
fition are all parallel to the meridian, and therefore parallel each 
to other. For look what reſpect the hour-lines in all Direct or 
Reclining Polar Planes, or Direct meridian Planes haye to: the 
Axis of the World ; Such reſpect haye the Circles of Poſition, 
in all Hoxizontal, or Dire&t meridian or Reclining meridian 
Planes, te the Axis of the Prime vertical: For as the hour-lines 
in the firſt are all parallel to the Axis of the Equinoctial, in whoſe 
Poles they meet : So the Circles of Poſition jn the ſecond are all 
parallel co the Axis of the Prime Vertical, in whoſe Poles they 
alſo meet. 
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The reaſon why Glaſſes refleft a dowble Spot, is becauſe they are 
polsſht on both fides, which may be r emedied with a Pumex-ſtenes 
Thoſe that deſire to read more of this Subjeth may ſee what ts 
written by Kircher, in primitiis Gnomic# Catoptricz, and fnce 
him by Magnan and »thers, 
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